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JOHN T. GRACELY: Rapid pluton emplacement via multiple discrete pulses,
Lamarck Granodiorite, central Sierra Nevada batholith, California
(Under the direction of Drew S. Coleman)
New U-Pb geochronology and mapping indicate that emplacement of the Lamarck 
Granodiorite of the John Muir Intrusive Suite, Sierra Nevada batholith, California 
was punctuated by two intervals of high magma flux approx. 2 m.y. apart.  Existing 
geochronology indicates that a significant volume of the Lamarck intruded at 92 Ma, yet 
nearly indistinguishable zircon ages from four mappable pulses within the Dusy Basin area 
define an earlier episode of rapid intrusion around 94 Ma.  Preservation of steeply dipping 
internal contacts at both map and outcrop scales requires that the earlier flux of magmatism 
included multiple discrete pulses.  A new zircon age of 95.4 ± 0.3 Ma, along with textural and 
structural similarities, suggests that the Inconsolable Monzodiorite represents the oldest and 
most mafic member of the Muir suite.  As a whole, the Muir suite was intruded episodically 
between 95 and 88 Ma.
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CHAPTER I
INTRODUCTION
There is significant controversy regarding how, and how rapidly, pluton emplacement 
occurs within the middle and upper crust.  Plutons have been commonly interpreted as large, 
diapiric and/or ballooning bodies of magma (Sylvester et al., 1978; Miller and Paterson, 
1999), yet several recent studies (Glazner et al., 2004; Condon et al., 2004; Cruden et al., 
2005; Matzel et al., 2006) strongly support earlier hypotheses that plutons represent the 
amalgamation of small pulses of magma (Pitcher, 1979; Petford, 1996).  
Amalgamation of plutons is thought to occur through diking and slow inflation of 
laccolith or lopolith bodies (Mahan et al., 2003; Cruden et al., 2005; and Bartley et al., 
in press).  Thermal models suggest that construction of dike-fed plutons at passive to 
moderate extensional rates (<10 mm·a-1) will preserve internal contacts throughout most of 
the pluton, as a thermal steady-state magma chamber may not be achieved until late stages 
of pluton growth when ambient temperature are in excess of the intruding magma solidus 
(Hanson and Glazner, 1995; Yoshinobu et al., 1998).  Testing of these models through 
detailed petrographic mapping and high-precision geochronology may allow for a better 
understanding of rates of emplacement during pluton growth, and provide more direct links 
between deformation and magmatic processes.  
The Sierra Nevada batholith exposes hundreds of Mesozoic plutons associated with arc 
2magmatism (Bateman, 1992).  This paper focuses on the Cretaceous Lamarck Granodiorite, 
one of the oldest and most mafic plutons within the John Muir Intrusive Suite of the central 
Sierra Nevada batholith (Figs. 1, 2).  As is common elsewhere in the Sierra Nevada batholith, 
adjacent plutons in the Muir suite are believed to be similar in age, yet vary significantly 
in composition and/or texture.  Previous pluton-scale mapping indicates that a variety of 
compositional heterogeneities are preserved within the Lamarck (Bateman, 1965), making 
it an excellent candidate for testing the incremental assembly hypothesis. Specifically, I will 
address the rates and mechanisms of magma intrusion responsible for building the Lamarck.  
3Figure 1.  Zoned intrusive suites associated with the Cretaceous Sierra Crest magmatic 
event (Coleman and Glazner, 1998).  Pluton outcrop pattern taken after Bateman (1992) 
and Tikoff and Teyssier (1992).  The Tuolumne, Mount Whitney, Sonora Pass (shades of 
blue) and John Muir Intrusive Suites (shades of green) are similar in ages, yet outcrop 
patterns are very different.  Steep contacts and an elongate outcrop pattern suggest that 




















4Figure 2.  Simplified geologic map of the John Muir Intrusive Suite (greens) after 
Bateman (1992).  In addition to Bateman’s units, the McDoogle Quartz Monzodiorite 
and Inconsolable Quartz Monzodiorite are also included in the Muir suite based on 
similarities in texture, age, geographic location, and apparent source (Mahan et al., 
2003; this study).  Darker shaded plutons are more mafic.  The Dusy Basin mapping 
locale (Plate 1) is highlighted by a yellow box.
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Magmatism and deformation caused by eastward subduction of the Farallon plate along 
the western continental margin of North America during the Mesozoic built the central Sierra 
Nevada batholith (Figs.1, 2).  Geochronologic data suggest that three distinct pulses, during 
the Triassic, Jurassic, and Cretaceous, punctuated magmatism during the Mesozoic, and 
therefore the construction of the batholith was not a continuous event (Evernden and Kistler, 
1970; Stern et al., 1981; Chen and Moore, 1982; Coleman and Glazner, 1997; Ratajeski et 
al., 2001; Coleman et al., 2004).  Evidence for Triassic magmatism is localized in the central 
section of the batholith (Stern et al., 1981; Chen and Moore, 1982), whereas Jurassic plutons 
are widespread throughout the Sierra and White-Inyo Ranges (Bateman, 1992; Stern et al., 
1981).  Late Cretaceous magmatism is concentrated in the high Sierra and along the eastern 
flank of the range, and is more voluminous than earlier pulses (Fig. 2; Bateman, 1992).  
Late Cretaceous magmatism represents a period of rapid crustal growth along the 
western North America (Coleman, 1992; Coleman and Glazner, 1997).  Magmatism in 
eastern California was concentrated in large composite intrusive suites, including the Sonora 
Pass, Tuolumne, John Muir, and Whitney suites that were emplaced between 98 and 86 Ma 
(Fig. 2, Coleman and Glazner, 1997).  Intrusive suites crop out as both concentrically zoned, 
nested plutons (i.e. Tuolumne Intrusive Suite) and parallel elongated intrusions (i.e. John 
6Muir Intrusive Suite; Fig. 2).  Plutons within the intrusive suites vary in composition and 
texture, yet they are interpreted to be genetically related.
The John Muir Intrusive Suite (Fig. 1), called the John Muir sequence by Bateman and 
Dodge (1970), consists of seven large plutons – Lamarck Granodiorite (Klk), Mount Givens 
Granodiorite (Kmg), Lake Edison Granodiorite (Kle), granite of Rock Creek Lake (Krc), 
Round Valley Peak Granodiorite (Krv), Mono Creek Granite (Kmo), and Evolution Basin 
Alaskite (Kev).  Each pluton within the suite has a long, narrow outcrop pattern, trending 
approximately 130°-140°.  Zircon U-Pb ages determined by Stern et al. (1981) suggested 
an approximate age of 85 Ma for the suite as a whole.  However, later high-precision ages 
document an intrusive history over 5 m.y. between ca. 87 and ca. 92 Ma (Table 1).  These 
U-Pb ages along with field observations (Bateman, 1965; Bateman and Moore, 1965; Frost 
and Mahood, 1987; Bateman, 1992; Hathaway, 2002) suggest the suite became more felsic 
through time and progressively grew to the north-northeast (Stern et al., 1981; Bateman, 
1992).  An exception to this pattern of compositional and spatial variation through time is 
the Evolution Basin Alaskite, which is the suite’s most felsic and southwestern most member 
(Bateman, 1992).
The Lamarck Granodiorite, the Muir’s oldest and most mafic member, is also the 
suite’s most compositionally diverse, including rocks ranging from quartz diorite to granite 
(Frost and Mahood, 1987; Plate 1; Fig. 2).  In the Dusy Basin area there is nearly 100% 
exposure of the Lamarck with only minor exposures of other Mesozoic plutonic rocks, and 
minimal amounts of Quaternary cover.  The Evolution Basin Alaskite to the southwest and 
the Inconsolable Quartz Monzodiorite to the northeast delineate the intrusive margins of the 
Lamarck (Plate 1; Fig. 1).  Inclusions of the Inconsolable within the Lamarck, and intrusions 
7TABLE 1: U-Pb AGES FOR THE JOHN MUIR INTRUSIVE SUITE 
Pluton name 
206Pb /238U
zircon age (Ma) Source of data
†
Inconsolable Quartz Monzodiorite 95.4 ± 0.3 This paper, Table 3, Fig. 11 
McDoogle Quartz Monzodiorite 94.8 ± 0.6 (i)
Evolution Basin Alaskite ~94 ± 0.5 Work in progress 
Lamarck Granodiorite 
Klk4 94.2 ± 0.2 This paper, Table 3, Fig. 11 
Klk1 94.1 ± 0.2 This paper, Table 3, Fig. 11 
Klk3 93.8 ± 0.4 This paper, Table 3, Fig. 11 
Klkm 93.8 ± 0.4 This paper, Table 3, Fig. 11 
Klk 91.9 ± 0.6 (ii)
Mount Givens Granodiorite 90 ± 1 (iii)
Lake Edison Granodiorite 90.9 ± 2.1 (iv)
Lake Edison Granodiorite 88 ± 1 (iii)
Round Valley Granodiorite 88.8 ± 0.2 (iv)
Mono Creek Granite 87.0 ± 0.1 (iv)
† Sources are (1) Mahan et al., 2003; (ii) Coleman et al., 1995; (iii) Tobisch et al., 1995; (iv) 
Gaschnig et al., 2006.  
8of Lamarck dikes into the Inconsolable, require that the Lamarck be the younger pluton 
(Bateman, 1965).  Frost and Mahood (1987) documented that the Evolution Basin Alaskite 
cuts both the Lamarck and its mafic inclusions, implying an older age for the Lamarck, yet 
Bateman (1992) documented the alaskite intruding the Lamarck, implying a younger age.  
Bateman and Moore (1965) and Bateman (1965) originally mapped the Lamarck as 
a lenticular intrusion more than 60 km long and ~10 km wide, striking ~130° with three 
subdivisions: 1) a medium-grained, intermediate granodiorite, 2) a medium-grained, felsic 
member along the northeastern flank, 3) a medium- to fine-grained, mafic member within 
the central section.  In addition to the three main plutonic bodies well documented smaller-
scale heterogeneities, such as aplitic, pegmatitic, mafic, composite, and disaggregated 
dikes, schlieren, mafic enclaves, and gabbroic and hybridized inclusions, are abundant 
in the Lamarck (Bateman, 1965; Bateman and Moore, 1965; Frost and Mahood, 1987; 
Hathaway, 2002; Plate 1).  Frost and Mahood (1987) argued that mafic enclaves, mafic 
and disaggregated dikes, and gabbroic and hybridized inclusions were synplutonic with 
the Lamarck and were indicative of interaction between mafic and felsic magmas during 
intrusion of the Lamarck.
Stern et al. (1981) reported a U-Pb zircon age of 89.6 Ma for the Lamarck based on a 
single discordant analysis, whereas Coleman et al. (1995) reported an age of 91.9 ± 0.6 Ma 
based on the analysis of six zircon fractions (Table 1).  These samples were collected within 
2 km of each other within the wider, more central section of the pluton (Fig. 1).  
Frost (1986) and Frost and Mahood (1987) analyzed major and trace element, bulk-rock 
geochemistry for more than 150 samples from within the Lamarck including the Lamarck 
proper, aplites, cumulus schlieren, hybrid enclaves and rock, mafic enclaves and intrusions, 
9and hornblende gabbro inclusions.  Major-element data from all samples, excluding the 
hornblende gabbro inclusions, consistently fall along linear trends interpreted by Frost and 
Mahood (1987) as the result of mixing of mafic and felsic end members within the Lamarck.  









O suggestive of a cumulus origin (Frost and Mahood, 1987).  Frost and Mahood (1987) 
interpreted the gabbro inclusions to be unrelated to the host rock or mafic enclaves because 
of the lack plagioclase phenocrysts within the inclusions.
Isotopic data show little variation in Sr and Nd within the Lamarck despite large 
variation in composition (50–70% SiO
2
; Coleman et al., 1992).  These authors interpret the 
lack of isotopic variation to indicate an enriched mantle source for all rock types within 
the Lamarck, and therefore suggest that the Lamarck represents a juvenile addition to the 




I mapped petrographic variations of the Lamarck Granodiorite and determined U-Pb 
ages of most laterally continuous bodies within the Lamarck as well as the Inconsolable 
Granodiorite to the northeast (Plate 1).  Mapping, completed during the summers of 2004 
and 2005, concentrated on 1) identifying variations in composition, color index, phenocryst 
abundance, enclave aspect ratios and abundance, foliation type, and magnetic susceptibility, 
to delineate both subtle and sharp internal contacts within the Lamarck (Fig. 3), and 2) 
establishing relative age relationships between units flanking the Lamarck (Plate 1).  
Magnetic susceptibility measurements where taken using an SM-30 magnetic 
susceptibility meter (Appendix I).  The SM-30 has an 8 kHz LC oscillator with a large size 
pick-up coil as a sensor, and is able to detect 90% of the signal from approximately the first 1 
cm of a rock.  Magnetic susceptibility data throughout Dusy Basin were collected in a rough 
grid with distances between points averaging 100–200 m (Fig. 4).  In areas where sharp 
internal contacts were abundant, data were collected from each body.  Each reported datum 
reflects the mean of nine measurements taken in the field on a fresh flat surface.  
U-Pb geochronology
Four samples from the Lamarck Granodiorite and one from the Inconsolable 
Granodiorite were collected within Dusy Basin for geochronologic analysis (Plate 1).  Zircon 
11
grains were liberated from their host rock using standard pulverizing techniques (i.e. jaw-
crusher and disc mill) and then separated using a Rogers™ Table, heavy liquids (methylene 
iodide), and a Frantz™ isodynamic separator (Krogh, 1982).  Zircon separates were hand 
picked and grouped based on size, morphology, and clarity, and then chemically abraded in 
an effort to minimize the effects of Pb-loss and inheritance (Mundil et al., 2004; Mattinson, 
2005).  Separates were spiked with 205Pb-236U-233U (Krogh and Davis, 1975; Parrish and 
Krogh, 1987), and dissolved (Krogh, 1973).  Isolation of U and Pb using anion column 
chemistry followed the method of Parrish and Krogh (1987).  Analysis was accomplished 
with a VG Sector 54 thermal ionization mass spectrometer at the University of North 
Carolina.  Decay constants used are 238U = 0.155125 x 10-9 a-1, and 235U = 0.98485 x 10-9 a-1 
(Steiger and Jäger, 1977).  Weights are estimated using a video camera and scale, and are 
known to within 10%.  Data reduction and error analysis was accomplished using PbMacDat-
2 by D.S. Coleman, using the algorithms of Ludwig (1989, 1990) and all errors are reported 




Mapping in Dusy Basin at a scale of 1:10,000 (Plate 1; Fig. 3) reveals nine laterally 
continuous bodies within the Lamarck Granodiorite and definitive contact relationships of 
the Lamarck Granodiorite cutting the Inconsolable Quartz Monzodiorite to the northeast.  
Internal contacts, distinguishable by variations in composition, foliation, and/or enclave 
abundance and aspect ratio, are viewable at all scales within the Lamarck in and around Dusy 
Basin (Figs. 3, 4, 5).  Internal contacts are both subtle and obvious, and often grade from 
sharp to gradational to cryptic along strike.  Internal contacts strike parallel to sub-parallel 
with contacts between the Lamarck and adjacent plutons, and have vertical to steep dips 
(Plate 1).
Within Dusy Basin, I have distinguished six informal units within the Lamarck 













 (Table 2; Plate 1).  The leucocratic granodiorite unit, Klk
1
, is characterized by 
a low color index, low magnetic susceptibility, high phenocryst abundances, and a mineral-
enclave foliation.  Isolated bodies of Klk
1




 as irregularly 
shaped screens.  Klk
2
, a granodiorite, is characterized by a moderate color index, moderate 
magnetic susceptibility, and enclave-only foliation.  Klk
3
 is also a granodiorite with a 
moderate color index, yet differs from Klk
2
 by its high magnetic susceptibility and enclave-
13
Figure 3.  Internal contacts within the Lamarck Granodiorite.  A) Contact between unit 
with high enclave aspect ratios and abundance (left), and unit with moderate enclave 
aspect ratios and abundance (right).  Compasses in A and C oriented toward north.  B) 
A dramatic variation in color index (CI) defining internal contact; CI 25 on left and 
CI 10 on right.  Picture taken looking NW with backpack in upper right for scale.  C) 
Subtle variation in grain size and phenocryst abundance; upper unit has smaller grain 
size with fewer phenocrysts than lower unit.  D) Subtle variation in CI delineating 




































Figure 4.  Internal contacts delineating dike-like bodies within the Lamarck 
Granodiorite. Units A and A’ - Enclave free, medium grained granodiorite with 
less than 10% phenocrysts; CI 20.  Units B and B’ - Enclave free, medium grained 
granodiorite with ~40% phenocrysts; CI 25 - 30.  Unit C - Enclave free, medium 
grained granodiorite with less than 5% phenocrysts; CI 25 - 30.  Unit D -Enclave free, 
fine - medium grained granodiorite with less than 5% phenocrysts; CI 25 - 30.  Unit E 
- Enclave abundant, medium grained granodiorite with less than 10% phenocrysts; CI 
20 - 25.  Internal contacts, like these, are common through out the marginal units of the 
Lamarck mapped within Dusy Basin, but are seldom traceable for more than a few tens 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































mineral foliation.  Klk
h
 is characterized by a moderate to high color index, which apparently 









, grades from steep along the peripheral flanks to moderately 









contain multiple internal contacts that are often laterally continuous for 10’s to 100’s of 
meters, and delineate discrete pulse with widths from 1 cm to 10’s of meters (Figs. 3, 4, 5).  
Klk
4
, a granodiorite with a moderate color index and high magnetic susceptibility, is most 
notable by its blob-like enclaves, lack of internal contacts and weak enclave to absent enclave 
and mineral foliation.  The quartz diorite, Klk
m
, is characterized a high color index, fine grain 
size, and commonly crops out as enclaves, mega-enclaves, and dikes (Fig. 6, 7).  Klk
m
 is 
commingled or mixed with each of the other submembers of the Lamarck and is therefore 
diachronous. 
Magnetic susceptibility
Magnetic susceptibility measurement stations (n = 514) within the Lamarck 
Granodiorite have an overall range of 6.90 ± 3.58 x 10-3
 
SI units to 30.7 ± 3.58 x 10-3
 
 SI 
units (1σ standard deviation of the mean; hereafter all magnetic susceptibility data will be 
reported in 10-3
 
SI units and the exponent and units terms will be dropped) with an average 
of 21.6 with a standard deviation on 3.58, excluding data from quartz diorite enclaves, 
mega-enclaves, and dikes (Fig. 8).  The average station standard deviation is 2.19.  Thus, 
the variability of magnetic susceptibility among stations is significant and results from real 
variability of the rocks.  Excluding the quartz diorite outcrops, there is a rough correlation 
between magnetic susceptibility and color index estimates (taken from sites where detailed 
18
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Figure 6.  Equal-area stereoplot of Lamarck Granodiorite foliation within Dusy Basin.  
















plotted as blue dots.  Poles of foliation from Klk
4
 plotted as red dots.  Not represented 
in this figure are stations from Klk
4
 where no foliation was observed (n=34).  Light blue 
line represents the cylindrical best fit of all foliation poles.  Light blue diamond is the 
pole of the best fit, which plunges 2º toward azimuth 146º.
19
Figure 7.  Variations in outcrops of Klk
h
.  A) Mega-enclave.  Rock hammer at low 
center of SW facing photo for scale.  B) Enclave swarm with similar aspect ratio and 
orientation as enclaves within host rock.  Compass at high center of photo.  C) Quartz 
diorite dike is ornamented with an intermediate composition, fine-grained margin and 
has an internal fabric parallel to that of the foliation of host unit.  D) Disaggregated 
quartz diorite dike paralleling foliation of host.  Compass at low center of photo for 




Figure 8.  Zoned magnetic susceptibility map of Dusy Basin produced with data 
collected from 514 stations, and using the kriging tools from ArcGIS9. Each 10 m2 pixel 
represents a distance-weighted value based on the nearest three points. Cooler colors 
represent low magnetic susceptibility, and warmer colors represent higher magnetic 




 are faintly preserved, yet mafic-
intermediate contacts are much more ambiguous. Solid black lines delineate bedrock 














































































































petrographic observations where made; Fig. 9).  Thus, stations with higher magnetic 
susceptibility generally have higher color index (Figs. 8, 9, 10).  This correlation breaks 
down when quartz diorites are included, because uniformly high CI quartz diorite spans 
a greater range in magnetic susceptibility than the entire suite of granodiorites.  Single 
measurements taken from various Klk
m
 outcrops range from 2.11 to 33.9, and average 19.3.  
(Fig. 10).  
U-Pb geochronology
Zircon from the samples of the Lamarck Granodiorite are transparent, colorless, and 
euhedral, with no visible overgrowths or cores.  Ages for samples are presented as weighted 
mean dates of four or more concordant points overlapping within uncertainty; also shown are 
the mean squares of the weighted deviates (MSWD) of the 206Pb/238U dates of the cluster (Fig. 
11; Table 1).
A sample collected from the Inconsolable Granodiorite pluton near the Bishop Pass area 
(DBK05-01) yielded an age of 95.4 ± 0.3 Ma (Fig. 11A; Plate 1).  Samples taken from across 
the Lamarck Granodiorite pluton within Dusy Basin are indistinguishable in age.  A sample 
collected from an outcrop of Klk
4
 with blob-like enclaves and no foliation (DB04-05) yielded 
an age of 94.2 ± 0.2 Ma (Fig. 11B; Plate 1).  A sample collected from the southern member 
of Klk
1
 (DB05-04) yielded an age of 94.1 ± 0.2 Ma (Fig. 11C; Plate 1) for the leucocratic 
unit.  A sample collected from the largest mega-enclave observed, Klk
m
, within Dusy Basin 
(32BRJ05), and sample collected from the southern member of Klk
3
 (DB04-06, Plate 1) 
yielded the same age of 93.8 ± 0.4 Ma (Figs. 11D and 11E, respectively).
22
Figure 10. Probability density curves of magnetic susceptibility from Lamarck sub-
units. Colors correlate with unit colors from Plate 1.  N-values given in parentheses 




 are indistinguishable in color index and magnetic 
susceptibility, whereas Klm
1
 has a significantly lower color index and magnetic 
susceptibility. Klk
h
 displays multiple peaks that may be an artifact of mixing between 
intermediate and mafic phases.
Figure 9. Plot showing correlation between color index (percent mafic minerals) and 
magnetic susceptibility.  In general, increased color index results in increased magnet 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 11.  Conventional concordia diagrams for zircons analyzed in this study 
from Inconsolable Granodiorite (A) and Lamarck Granodiorite (B - E). Ages are 
weighted mean 206Pb/238U dates for concordant and clustered analyses; also shown 
are mean squares of weighed deviate (MSWD). Data reduction and error analysis 
was accomplished using PbMacDat-2 by D.S. Coleman, using the algorithms of 
Ludwig (1989, 1990). Error ellipse shading increases with overlapping of ellipses. Red 
error ellipse represents 95% confidence. Panel F shows summary of ages from the 
southernmost to northernmost map unit, including samples from this study (A - E, Kin 
and Klk), Mahan et. al (2003, Kmd), Wenner (in progress, Kev), Coleman et. al (1992, 
Klk slashed), Tobisch et al. (1995, Kmg and Kle slashed), and Gaschnig et. al (2006, Kle, 
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Recent compilations and interpretations of geochronologic and petrographic data 
suggest that at least some plutons are emplaced incrementally over timescales greater than 
the time required to cool bodies of magma equal in volume (Petford et al., 2000; Coleman 
et al., 2004; Glazner et al., 2004; Cruden et al., 2005;Walker et al., 2005; Matzel et al., 
2005, 2006).  Through detailed petrographic mapping (Plate 1), high precision U-Pb zircon 
geochronology (Fig. 11), and magnetic susceptibility analysis (Figs. 8, 10) an intrusive 
history for the Lamarck Granodiorite was determined.  In the following sections, I discuss 1) 
the intrusive history of the Lamarck Granodiorite, both within Dusy Basin and as a whole, 
2) implications of magma interactions and internal contacts within the Lamarck, 3) possible 
modes of emplacement and deformation for the Lamarck, and 4) the intrusive history and 
compositional evolution of the John Muir Intrusive Suite.
Intrusive history of the Lamarck Granodiorite
New high-precision zircon geochronology and petrologic mapping indicate that the 
emplacement of the Lamarck Granodiorite was punctuated by two intervals of high magma 
flux ~2 m.y. apart (Fig. 11F).  Existing geochronology (Coleman et al., 1995) indicates that 
a significant volume of the Lamarck Granodiorite intruded at ~92 Ma, whereas the four 
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nearly indistinguishable U-Pb ages from this study require that Lamarck sub-members within 
Dusy Basin were emplaced rapidly within less than 300 k.y. at approximately 94 Ma.  The 
younger 92 Ma body cuts many of the laterally continuous 94 Ma units (Hathaway, 2002), 
and is located near structural and compositional truncations mapped at the pluton scale by 
Bateman (1992).  Although their zircon ages are indistinguishable, relative age relationships 
between pulses of felsic, intermediate, and mafic phases within the Dusy Basin area are well 
documented through detailed mapping. 
The occurrence of isolated leucocratic bodies intruded and partially dissected by the 
intermediate phase of the Lamarck suggests the leucocratic phase was the earliest to intrude.  
Mafic dikes cut foliation and sharp internal contacts within intermediate units indicating that 
locally these are the youngest intrusions in the map area.  However, preservation of a variety 
of other mafic magma interactions suggests that mafic magmas intruded throughout the 
assembly of the Lamarck.  Relative age relationships are not limited to magmas of varying 
composition.  The truncation of numerous outcrop-scale internal contacts by magmas of 
similar composition, yet variable texture, is preserved in felsic, intermediate, and hybridized 
units.  
Thus, the overall intrusive history of the Lamarck progresses from leucocratic 
granodiorite to granodiorite to quartz diorite with both small and large pulses of mafic 
magma throughout pluton assembly.  This is noteworthy because other large intrusive 
suites in the Sierra (e.g., the Whitney and Tuolumne suites) progressed from mafic to felsic 
over time (Bateman, 1992).  As a whole, the John Muir Intrusive Suite displays the typical 
compositional evolution (Figs. 1, 2, 11F), but within the Lamarck the pattern is reversed 
(Plate 1).  
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Magmatic interactions – mixing, mingling, and internal contacts
Mafic/felsic magmatic interactions
Rapid assembly of the Lamarck in Dusy Basin may have permitted significant 
interaction between batches of magma and promoted mixing as suggested by Frost and 
Mahood (1987).  However, preservation of sharp internal contacts between units of 
indistinguishable age as described in this investigation indicates that interaction between 
magma batches was not necessarily limited to, or dominated by, hybridization (Plate 1; 
Figs. 3, 4, 5, 7).  A variety of physical and chemical factors including temperature, initial 
composition, and crystal content control whether two magmas will mix, mingle, or have no 
interaction (McBirney and Murase, 1984; Sparks and Marshall, 1986; Frost and Mahood, 
1987; Snyder, 1997 ), and thus preserve or erase contacts.  Variations of these factors result 
in critical magma mass fraction values, for which a mass fraction of the mafic magma greater 
than the critical point is hypothesized to result in the hybridization of the magmas, and less 
than the critical point is hypothesized to yield mingling (Sparks and Marshall, 1986). 
The wide range of mafic/felsic magma interaction features preserved in Dusy Basin 
suggests that a continuum between mixing and mingling occurred.  Rheologic modeling 
predicts that the intrusion of large volumes of magma with solidus temperatures greater than 
the host will promote re-melting or allow magmas to remain as mostly liquid, and thus mix 
(Frost and Mahood, 1987; Snyder, 1997).  Areas of high mafic magma influx were observed 
in this and in previous studies within the Lamarck (Bateman and Moore, 1965), and are the 
sites where localized mixing between intermediate and mafic phases likely occurred (e.g. 
Klk
h
; Plate 1; Fig. 5).  
In magmatic systems where the mafic/felsic magma ratio is low, the mafic magma 
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lacks the thermal energy to remain liquid, and instead quenches within the host (Blake, 1965; 
Frost and Mahood, 1987; Snyder, 1997).  Consequently, mingling will dominate magma 
interactions (Fig. 7).  Three types of mafic/felsic magma mingling interactions are observed 
within the Lamarck: type 1) dispersed mafic enclaves, type 2) locally dissected mafic bodies 
(i.e. enclave swarms and disaggregated mafic dikes), and type 3) non-dissected mafic 
bodies (i.e. mega-enclaves and mafic dikes).  These are interpreted to result from pulses of 
mafic magma intruding hosts of increasing crystallinity.  Moreover, nearly all type 2 and 3 
interactions occurred within host intrusions containing type 1 interaction, and less commonly, 
a single outcrop will contain all three types.  These mutually inclusive relationships imply 
mafic additions were episodic throughout the growth history of the Lamarck.
Interactions between magmas with similar compositions
Magma interactions are not limited to magmas of varying composition.  Subtle 
variations in phenocryst and enclave abundance as well as modal mineralogy delineate 
internal contacts within the leucocratic granodiorite and granodiorite phases of the Lamarck.  
Similar variations described in the literature are interpreted to reflect in situ evolution (i.e. 
dynamic layering developed by mechanical crystal segregation or non-dynamic layering 
developed by chemical segregation [McBirney, 1995; McBirney and Nicolas, 1996; 
Boudreau and McBirney, 1997; Clark and Clark, 1998], or amalgamation of discrete pulses 
of magma with similar bulk composition but variable crystal loads [Glazner et al., 2004; 
Gracely and Coleman, 2005; Matzel et al., 2006]).
Dynamic layering results in sharp modal variations, rhythmic grain size layering, 
S/C structures, imbrication of grains, cross bedding, warping of contacts, and other gravity 
driven effects on the decimeter to meter scale (McBirney and Nicolas, 1996).  Non-dynamic 
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layering results in a sudden change in composition and/or grain size followed by a gradual 
return to original condition on the centimeter to meter scale (McBirney, 1995; Boudreau and 
McBirney, 1997; Clark and Clark, 1998).  Because none of these variations were observed 
within the study area, development of internal contacts through amalgamation of discrete 
magma pulses is preferred.
The amalgamation of magma pulses should preserve sharp contacts where pulses 
intrude solid or near solid rock, and blend when pulses intrude mostly liquid phases, 
analogous to sheeted dike complexes found at mid-ocean spreading centers.  Unlike pulses 
of more mafic material that are capable of re-melting or “defrosting” their host (Frost and 
Mahood, 1987; Snyder, 1997), interactions between pulses of magma with similar bulk 
composition is chiefly controlled by the crystallinity of the host because interacting magmas 
have similar solidus temperatures.  Therefore, the contact between pulses of magma that 
intrude a thermally heterogeneous body will vary between sharp in cooler/more crystalline 
areas and gradational in warmer/more liquid areas.
Within the Lamarck, sharp internal contacts often become gradational along 
strike.  Gradational contacts between pulses of magma with subtle variations are often 
unrecognizable.  Observations such as sharp internal contacts grading into cryptic, 
indistinguishable contacts, lead to the obvious question, what do internal contacts actually 
represent?  Internal contacts must represent, at minimum, one single pulse of magma that 
intruded a solid to near solid host. However along strike, the appearance of additional internal 
contacts may indicate that what locally appears to be a single pulse, actually represents 
multiple pulses (Fig. 4).  Within Dusy Basin internal contacts often delineate bodies of rock 
one to tens of meters wide.  Yet, each body may represent numerous additions of magma into 
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a mostly liquid host.
Internal structure of the Lamarck Granodiorite
Bateman and Moore (1965) first mapped the Lamarck Granodiorite in Dusy Basin as 
a plutonic synform due to the steep foliation that dips toward the central part of the basin.  
Mapping from this study within the Dusy Basin area (Plate 1) documents a symmetrical 
distribution of 94 Ma map-scale pulses about a central axis and preservation of foliation 
within marginal units that dips steeply toward the undeformed central unit, reinforcing the 
observations made by Bateman and Moore (1965).  Three hypotheses to account for the map 
pattern (Fig. 12) are 1) folding of a sill or dike complex due to regional shortening (Tikoff 
and Teyssier, 1992; Tikoff and St. Blanquat, 1997), 2) subsidence or inflation from beneath 
a sill complex (Cruden and McCaffery, 2001), and 3) bilateral symmetry of units resulting 
from syntaxial crack-seal pluton growth (Bartley et al., in press). 
The lack of a well-defined foliation in the central unit and the absence of axial planar 
foliation in marginal units preclude the possibility of folding in response to regional 
shortening (Fig. 12B).  Furthermore, older plutons within the area should have also recorded 
the shortening event within their fabrics, and there is little evidence to support such a claim 
(Bateman, 1992). 
Alternatively, deformation of marginal units and the lack of deformation of the 
penecontemporaneous central unit of the Lamarck may have resulted from subsidence or 
inflation of a central block along shear zones defined by the outer units (Fig. 12B-C).  This 
may be driven by late stage extraction or emplacement of magma beneath a sill complex, 
respectively (Sylvester et al., 1978; Glazner and Miller, 1997; Cruden et al. 2001; Bartley et 
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Figure 12.  Cartoon profiles illustrating possible modes of deformation within the Lamarck 
Granodiorite.  Color scheme correlates to units from Plate 1; in general darker colors 
equal more mafic units.  The last cartoon of each model is a hypothetical cross-section 
striking SW-NE across Dusy Basin.  A) Syntaxial growth of a pluton via crack-seal 
intrusions. Deformation of a younging upward sill complex via regional shortening (B), or 
via subsidence of a central block (C). D) inflation (ballooning) from beneath a younging 
downward sill complex.
A Syntaxial growth of a pluton
B Folding due to regional shortening
D Shearing associated with balloning
C Shearing associated with subsidence of source region
Time
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al., in press).  However, foliation formed in response to simple shear commonly displays a 
well-developed lineation in the direction of shearing, yet no lineation was observed in this 
study. 
More readily, crack seal growth of a pluton allows magma to ascend along narrow 
conduits to emplacement levels resulting in dilation approximately perpendicular to internal 
contacts (Fig. 12A; Mahan et al., 2003; Bartley et al., in press).  Syntaxial growth preserves 
older units along the margins of the pluton and progressively younger units inward, as is 
observed within the Lamarck (Plate 1).  Furthermore, the overall elongate outcrop pattern of 
the Lamarck with internal contacts paralleling its long axis is suggestive of a dike-intrusion 
emplacement model (Petford et al., 2000).  
Although the map pattern is consistent with crack seal growth, this mechanism does 
not adequately explain the apparent northeast-southwest shortening recorded by flattening 
of enclaves parallel to internal contacts within Dusy Basin.  Foliation may be formed 
during regional shortening without folding (Paterson et al., 1989; Mahan et al., 2003).  
Transpressional models thought to be active during the emplacement of the Lamarck (Tikoff 
and Teyssier, 1992; Kelley and Engebretson, 1994; Tikoff and de St. Blanquat, 1997) predict 
a maximum compressive stress just east of north, nearly 70º from the maximum compression 
direction implied by the flattening of enclaves.  Furthermore, the Tikoff and Teyssier (1992) 
model predicts dike-like intrusions to be oriented ~N20ºE, whereas field data clearly indicate 
intrusion of magma at all scales oriented ~N45ºW.
A similar mismatch in predicted vs. observed foliation direction in the 95 Ma 
McDoogle pluton to the south led Mahan et al. (2003) to propose an alternate control on 
pluton and foliation orientation.  These authors proposed that the apparent contradiction 
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in maximum effective stress predicted vs. observed represents the coupling of horizontal 
differential regional stresses and buoyancy forces (Hutton, 1997; Brown and Solar, 1998; St. 
Blanquat et al., 1998).  This coupling may result in the over pressuring of magmas that could 
allow pulses of magma to intrude planes of weakness, such as shear zones or semi-molten 
bodies.
Given the along strike continuity, a similarity in age and similarity in age, the same 
intrusive mechanism seems likely for the Lamarck within Dusy Basin.  However, in 
contrast with the McDoogle pluton that is foliated throughout, foliation in the Dusy Basin 
area is focused in the older, outermost units.  I propose that this pattern and the pattern of 
preservation of internal contacts only in marginal units are reflections of the progressive 
thermal maturation of the magmatic system.
Thermal modeling (Fig. 13; Hanson and Glazner, 1995; Yoshinobu, 1998) predicts 
under normal tectonic strain rates (1⁄2 spreading rates of 0.5-2 cm/yr) early intrusions will 
quickly cool below the bulk solidus, thus allowing contacts between pulses to be preserved.  
However, as emplacement continues and the system becomes more thermally mature, 
contacts between pulses will become obscured.  
On the basis of geochronology from this study, the Lamarck intruded at 1⁄2 spreading 
rates no less than 0.2 cm/yr and as great as 1 cm/yr within Dusy Basin.  If strain was 
localized within weaker (higher percent melt) members, and/or if strain rates fluctuated 
during the growth of the Lamarck, an irregular gradient of foliation development could 
occur.  In the case of constant strain rate, early increments of strain would be focused in 
thin marginal units.  As the system matures thermally, the volume of the pluton with high 
percent melt fraction increases and the same increment of strain will be distributed over a 
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Figure 13.  Taken from Hanson and Glazner (1995).  Solid, curved lines delineating 
variations of temperature with time of an andesitic extension axis at 8 km depth.  
Dotted line at 850ºC is the presumed bulk solidus temperature of andesite.  Cooler 
colors with solid horizontal lines represent ambient temperatures which will preserve 
internal contact.  Stippled, warmer colors represent ambient temperatures which will 
allow localized mixing between pulses of magma.  Horizontal dashed lines represent a 






















greater volume of magma.  This predicts that the more centrally located members formed 
during later stages of syntaxial growth would have a poorly developed foliation and is also 
consistent with the central unit containing fewer internal contacts (Plate 1). 
In the case of a fluctuating stain rate, shortening focused early in the growth of the 
Lamarck could account for well developed foliation in the oldest units. However, because 
space making processes for the intrusion were likely to be tied directly to regional tectonics 
(Mahan et al., 2003), it seems unlikely that strain decreased significantly during late-stage 
assembly of the body. 
Assembly of the John Muir Intrusive Suite
The Lamarck Granodiorite, Mount Givens Granodiorite, Lake Edison Granodiorite, 
granite of Rock Creek, Round Valley Peak Granodiorite, Mono Creek Granite, and Evolution 
Basin Alaskite make up the John Muir Intrusive Suite (Fig. 2).  The Inconsolable Quartz 
Monzodiorite and McDoogle pluton, both unassigned to an intrusive suite, flank the eastern 
margin and southern tip of the Lamarck, respectively (Fig. 2).  A new zircon age of 95.4 ± 
0.3 Ma (Fig. 11A) for the Inconsolable and an existing zircon age of 94.8 ± 0.6 Ma (Mahan, 
2003) for the McDoogle, along with textural and structural similarities suggest that these 
plutons should also be included in the suite (Table 1; Fig. 11)   Therefore, I propose including 
both the McDoogle and Inconsolable plutons as the oldest and most mafic members of the 
John Muir Intrusive Suite.
The Muir suite is similar in age, composition, and texture to the Tuolumne Intrusive 
Suite to the north.  Both suites intruded over an ~8 m.y. time span, between 95 and 87 
Ma, starting with the oldest mafic granodiorite units and ending with assembly of K-spar 
37
megacrystic units (Bateman, 1992; Coleman et al., 2004; Glazner et al., 2004; Fig. 2).  The 
principal difference between the suites is the outcrop pattern of the Muir suite suggests that it 
intruded as elongate plutons along a north-northeastward progression, whereas the Tuolumne 
plutons form a nested suite that youngs toward the center (Bateman and Church, 1979; 
Coleman et al. 2004; Fig. 1).  Tikoff and Teyssier (1992) interpret these variations in outcrop 
pattern as a difference in emplacement within many tensional bridges (Muir suite) and along 
a single or few tensional bridges (Tuolumne suite).  
However, as discussed earlier with respect to dikes in Dusy Basin, the orientation of 
individual magma pulses and intrusions in the members of the Muir suite are not consistent 
with this hypothesis.  Consequently, it may be appropriate to expand the interpretation 
of syntaxial pluton growth from Dusy Basin to the entire Muir suite.  However, several 
important differences and additional observations are relevant when expanding this 
interpretation.  Unlike the Lamarck within Dusy Basin that grew syntaxially, the overall 
pattern of the Muir suite implies antitaxial growth that progressed from mafic, equigranular 
plutons in the southwest to felsic, megacrystic plutons in the northeast (Fig. 2; Table 1).  
The progression from equigranular to megacrystic can be accounted for by emplacement of 




High precision U-Pb zircon geochronology from the Lamarck Granodiorite suggests 
emplacement of the pluton spanned ~2 m.y.  However, multiple zircon samples with 
indistinguishable ages from laterally continuous units with the Dusy Basin area of the 
Lamarck suggest that emplacement was punctuated by at least two episodes of high magma 
flux.  Despite its rapid emplacement, preservation of map-scale and outcrop-scale internal 
contacts and a variety of degrees of mafic/felsic mingling within a single intrusion indicate 
that the Lamarck intruded as multiple small pulses of magma.  The data preclude the 
possibility of the Lamarck existing as a single mostly liquid body.  Early intruded dikes were 
displaced laterally by successive pulses, thus preserving a bilateral symmetry indicative of 
syntaxial pluton growth.  
Features of the Lamarck Granodiorite and the Muir Intrusive Suite as a whole including 
1) preservation of internal contacts and deformational fabrics in early and/or marginal units, 
and 2) a lack of internal contacts and deformational fabrics in younger and/or central units, 
are commonplace in zoned intrusive suites.  Results of this work suggest these features reflect 
the thermal maturation of magma suites.  Early pulses intrude a thermally immature setting 
and cool quickly, preserving internal contacts and deformation fabrics.  As subsequent pulses 
raise ambient temperatures, strain is diffused across a growing semi-molten body.  Similarly, 
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as the system matures thermally, late increments intrude that semi-molten body and erase the 




MAGNETIC SUSCEPTIBILITY DATA FOR ROCKS OF THE DUSY BASIN AREA† 
waypoint 1 2 3 4 5 6 7 8 9 mean 1σ 
g4_010 20.8 20.6 21.0 24.4 20.2 22.4 19.8 21.1 22.8 21.5 1.47 
g4_011 21.0 21.5 20.7 24.7 23.8 23.7 23.8 20.6 25.0 22.8 1.78 
g4_012 19.6 22.9 18.3 23.4 19.5 19.0 23.1 18.2 23.1 20.8 2.27 
g4_013 26.2 24.3 26.0 23.1 22.0 22.8 22.3 25.2 25.3 24.1 1.62 
g4_014 23.9 17.3 19.4 22.3 26.5 28.8 23.1 19.9 21.5 22.5 3.58 
g4_015a 12.3 20.4 9.80 9.90 13.6 16.8 11.8 13.3 9.34 13.0 3.62 
g4_015b 28.5 19.8 23.5 25.6 18.2 24.5 23.8 19.4 20.5 22.6 3.38 
g4_017 19.8 24.1 21.5 27.7 21.9 21.6 22.5 26.1 23.6 23.2 2.47 
g4_018 19.9 27.2 21.3 21.5 26.1 24.2 21.1 22.6 24.9 23.2 2.51 
g4_019 20.5 25.6 27.4 21.5 25.8 24.6 26.5 20.0 23.4 23.9 2.71 
g4_020 20.8 18.0 22.7 20.2 21.5 20.3 17.7 23.0 26.7 21.2 2.75 
g4_021 26.7 22.6 26.3 25.2 27.1 24.2 20.8 26.5 22.5 24.7 2.25 
g4_022 18.9 22.8 20.3 20.7 14.2 22.2 15.6 14.7 15.2 18.3 3.40 
g4_025a 17.7 19.4 14.9 23.7 11.8 15.4 15.7 16.0 12.0 16.3 3.68 
g4_025b 20.8 19.4 17.1 17.3 16.4 15.8 17.1 17.2 18.3 17.7 1.55 
g4_026 16.6 16.6 15.8 11.9 18.4 16.8 18.9 14.8 14.0 16.0 2.17 
g4_027 7.59 7.86 7.81 6.11 9.24 9.06 9.88 6.67 6.55 7.86 1.31 
g4_034a 25.6 21.9 25.6 19.1 14.2 15.8 24.0 18.6 23.6 20.9 4.21 
g4_034b 11.4 12.9 14.8 13.1 13.9 12.5 13.7 12.4 14.0 13.2 1.03 
g4_035 22.0 22.9 24.2 25.0 21.8 23.7 24.6 20.0 21.1 22.8 1.70 
g4_036a 19.9 21.4 21.9 24.3 25.8 26.1 22.9 23.7 18.9 22.8 2.48 
g4_036b 33.0 21.9 24.7 23.0 24.5 19.1 22.5 21.9 23.9 23.8 3.83 
g4_037 22.6 25.6 28.3 24.8 26.8 22.0 25.5 22.4 26.4 24.9 2.19 
g4_038 24.0 27.6 26.0 25.4 25.8 23.4 22.2 21.7 19.3 23.9 2.58 
g4_039 19.1 16.6 14.9 15.3 16.9 17.2 16.0 19.6 16.1 16.9 1.59 
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MAGNETIC SUSCEPTIBILITY DATA FOR ROCKS OF THE DUSY BASIN AREA† 
waypoint 1 2 3 4 5 6 7 8 9 mean 1σ 
g4_091 13.1 16.7 15.6 18.0 16.9 15.4 15.9 17.0 16.2 16.1 1.38 
g4_094 12.4 16.6 20.1 16.6 13.1 17.9 14.9 12.1 17.4 15.7 2.74 
g4_095 13.8 14.1 16.7 18.3 21.0 17.7 17.9 19.1 21.3 17.8 2.63 
g4_096a 19.7 18.5 21.6 20.6 19.8 11.6 17.2 17.6 17.5 18.2 2.91 
g4_096c 18.1 19.7 20.2 16.2 21.6 15.9 14.6 17.8 18.8 18.1 2.25 
g4_097 22.5 25.4 18.6 20.5 21.1 21.9 19.4 19.2 21.8 21.2 2.08 
g4_098 21.6 20.9 23.5 20.0 21.1 20.1 22.5 21.4 21.6 21.4 1.10 
g4_099 28.5 20.5 21.8 20.5 22.7 21.8 20.1 22.3 20.7 22.1 2.56 
g4_101 22.5 23.6 20.7 21.0 24.4 21.9 22.0 26.6 23.1 22.9 1.83 
g4_102 26.0 25.4 26.4 19.9 19.5 18.0 24.6 21.9 21.9 22.6 3.10 
g4_103 24.5 19.8 21.9 21.3 20.2 20.7 21.8 21.3 21.6 21.5 1.35 
g4_104 22.0 22.3 21.5 23.7 21.0 24.0 19.0 22.2 23.5 22.1 1.56 
g4_105 20.6 24.5 21.4 22.3 23.3 23.6 25.6 28.1 21.8 23.5 2.34 
g4_106 24.1 26.9 20.7 25.0 21.5 23.6 19.8 18.4 24.3 22.7 2.75 
g4_107 21.8 22.3 19.0 20.9 23.0 23.0 25.4 23.3 27.2 22.9 2.39 
g4_109 23.0 25.4 20.9 22.0 21.9 21.1 21.9 21.2 20.7 22.0 1.45 
g4_110 23.5 28.1 23.9 27.4 24.5 24.9 22.7 20.3 25.0 24.5 2.35 
g4_111 27.0 23.6 29.5 24.6 27.3 22.4 25.5 24.2 23.5 25.3 2.26 
g4_113 23.8 24.7 21.9 20.5 29.0 22.9 18.2 23.8 24.1 23.2 2.99 
g4_114 24.1 22.8 22.1 22.1 21.3 27.3 23.7 21.2 25.1 23.3 1.99 
g4_115 21.4 23.0 22.1 20.3 20.2 22.6 22.3 21.8 24.0 22.0 1.22 
g4_117 22.9 22.7 23.0 24.1 24.1 20.9 25.7 21.6 18.6 22.6 2.07 
g4_118 21.2 22.6 24.7 21.3 20.5 21.7 20.9 24.2 22.9 22.2 1.48 
g4_119 24.9 24.1 22.1 21.6 21.3 26.0 20.6 22.3 24.1 23.0 1.84 
g4_120 23.6 22.0 25.2 24.3 25.3 22.2 26.5 26.4 22.4 24.2 1.76 
g4_123 17.6 18.1 19.5 21.7 20.8 23.5 19.8 24.4 16.8 20.2 2.61 
g4_126 25.1 26.0 24.9 23.8 27.7 25.7 26.3 22.9 26.5 25.4 1.45 
g4_127 24.1 23.1 20.7 22.2 26.4 24.1 23.9 23.4 24.6 23.6 1.58 
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MAGNETIC SUSCEPTIBILITY DATA FOR ROCKS OF THE DUSY BASIN AREA† 
waypoint 1 2 3 4 5 6 7 8 9 mean 1σ 
g4_128 24.3 24.7 23.6 25.0 23.3 23.1 25.2 22.5 21.8 23.7 1.17 
g4_129 25.2 21.8 26.9 22.8 23.7 25.3 23.9 25.8 21.9 24.1 1.78 
g4_130 25.8 22.2 25.2 26.8 24.0 21.4 29.7 22.2 23.1 24.5 2.67 
g4_132 24.7 27.3 24.2 22.8 23.5 23.7 23.6 23.8 24.1 24.2 1.28 
g4_133 26.0 26.0 23.0 26.6 29.1 21.4 24.0 24.2 26.6 25.2 2.29 
g4_135 21.0 28.8 25.1 21.5 22.7 23.5 24.9 22.1 27.7 24.1 2.72 
g4_136 23.4 23.8 24.7 24.0 28.3 33.8 24.0 23.8 24.7 25.6 3.40 
g4_137 25.6 25.2 26.5 27.1 24.5 21.3 25.2 26.3 27.8 25.5 1.88 
g4_138 24.9 23.4 21.3 25.3 27.2 26.7 26.6 26.2 25.9 25.3 1.88 
g4_139a 13.9 18.5 17.8 19.7 17.1 19.6 21.4 17.3 12.7 17.6 2.78 
g4_139c 24.0 18.2 24.2 22.0 27.4 26.7 21.3 23.2 28.3 23.9 3.22 
g4_140 25.6 26.7 24.2 25.3 26.8 26.4 31.2 26.8 26.8 26.6 1.93 
g4_141 26.1 24.7 25.7 25.3 26.0 25.0 24.8 23.4 25.3 25.1 0.820 
e5_004 25.1 23.7 26.2 24.3 22.9 20.0 26.2 21.6 25.9 24.0 2.17 
e5_005 24.3 23.9 23.9 23.2 24.2 22.7 24.1 20.1 19.4 22.9 1.85 
e5_006 19.8 20.0 17.8 17.1 19.2 18.1 16.1 17.5 18.1 18.2 1.28 
e5_009 22.5 25.3 22.3 24.7 21.3 25.3 24.8 27.7 25.4 24.4 1.98 
e5_010 20.3 22.3 23.9 32.9 25.5 20.4 23.2 26.0 19.2 23.7 4.15 
e5_011 25.3 25.3 25.5 25.6 25.0 24.2 23.1 23.0 21.3 24.3 1.49 
e5_012 24.3 25.4 28.1 24.5 23.0 25.1 25.9 26.9 25.0 25.4 1.49 
e5_013 23.1 24.4 23.6 22.8 21.8 23.7 24.3 23.1 21.9 23.2 0.928 
e5_014 22.8 24.6 23.7 24.9 25.5 25.5 23.3 26.0 27.7 24.9 1.51 
e5_015 22.7 24.8 20.1 2.4 21.8 22.0 22.6 21.6 25.2 20.4 6.92 
e5_016 27.3 23.9 24.5 19.4 18.9 22.6 24.9 24.2 23.5 23.2 2.65 
e5_017a 15.0 16.2 16.1 16.0 15.5 13.1 14.7 15.2 15.6 15.3 0.959 
e5_017b 22.0 24.9 25.0 30.3 22.4 21.0 25.7 25.7 22.7 24.4 2.81 
e5_019 20.8 24.3 24.2 24.5 25.4 21.9 24.2 22.8 23.8 23.5 1.44 
e5_021 19.6 22.7 24.1 21.8 20.9 17.1 24.0 20.4 24.7 21.7 2.47 
  
43 
MAGNETIC SUSCEPTIBILITY DATA FOR ROCKS OF THE DUSY BASIN AREA† 
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e5_022 21.9 22.0 24.2 20.5 21.7 23.0 18.0 22.2 22.5 21.8 1.73 
e5_023 21.9 21.6 23.7 24.5 25.8 19.1 22.3 23.1 23.2 22.8 1.91 
e5_024 22.7 23.2 26.4 24.1 25.1 19.8 26.8 24.7 26.8 24.4 2.28 
e5_025 21.4 24.3 21.6 23.8 21.3 25.0 26.3 21.4 20.8 22.9 2.00 
e5_026 21.7 20.4 22.1 22.2 21.1 22.4 20.0 21.0 19.5 21.2 1.03 
e5_027 21.1 21.9 20.8 21.3 23.2 24.3 21.9 22.1 25.0 22.4 1.46 
e5_028 22.1 19.8 14.1 22.6 18.1 20.9 20.6 22.3 20.9 20.2 2.66 
e5_029 17.2 16.9 20.5 18.1 18.1 19.9 18.5 18.2 18.0 18.4 1.16 
e5_030 20.3 18.5 22.5 21.2 23.5 22.1 21.0 21.4 23.7 21.6 1.62 
e5_031 22.1 26.7 19.2 24.3 23.8 22.2 25.1 24.9 24.5 23.6 2.19 
e5_032 24.0 19.7 21.6 23.1 21.1 23.5 23.1 25.0 22.7 22.6 1.61 
e5_033 26.5 26.4 26.0 27.7 29.6 24.5 21.7 29.0 24.6 26.2 2.44 
e5_034 24.1 22.5 28.0 28.5 21.3 36.6 24.8 15.7 22.5 24.9 5.80 
e5_035 22.9 24.3 24.2 24.3 18.9 28.0 23.0 24.5 25.0 23.9 2.39 
e5_036 18.4 20.2 22.1 22.8 21.9 19.9 24.9 23.2 25.8 22.1 2.38 
e5_037 16.5 27.8 22.7 25.3 26.0 23.1 24.3 22.2 27.7 24.0 3.46 
e5_038 27.1 26.6 23.8 27.2 25.3 25.8 24.0 24.8 26.6 25.7 1.29 
e5_039 24.2 20.9 25.1 24.4 24.8 23.3 18.7 27.1 24.8 23.7 2.49 
e5_040 26.9 22.4 26.1 21.8 26.1 24.8 23.1 22.9 25.2 24.4 1.85 
e5_041 24.9 24.0 22.2 24.6 18.5 24.4 27.6 22.8 25.6 23.8 2.54 
e5_042 21.5 20.1 22.2 24.8 19.6 23.5 19.2 17.8 20.2 21.0 2.22 
e5_043 18.4 21.4 26.4 21.9 19.8 22.2 20.9 24.5 24.4 22.2 2.51 
e5_044 23.8 20.5 23.2 19.8 20.3 20.4 21.4 18.5 15.7 20.4 2.41 
e5_045 26.7 23.9 28.7 28.9 28.5 25.4 22.2 28.0 28.0 26.7 2.38 
e5_046 25.8 24.6 26.4 26.3 25.9 23.5 24.7 22.6 23.0 24.8 1.45 
e5_047 24.2 24.3 22.5 24.3 21.1 23.6 24.2 25.5 23.0 23.6 1.28 
e5_048 21.6 23.3 22.5 23.6 22.0 22.2 26.4 20.8 21.8 22.7 1.63 
e5_049 24.4 21.7 21.5 22.1 23.9 22.9 21.5 24.6 26.7 23.3 1.78 
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e5_050 25.2 23.7 24.8 25.8 22.4 24.3 20.5 28.2 21.8 24.1 2.31 
e5_051 25.3 22.4 23.0 23.1 20.0 23.2 23.2 21.3 24.0 22.8 1.52 
e5_052 20.5 23.7 19.4 45.4 20.1 18.2 17.9 19.2 23.6 23.1 8.61 
e5_053 19.9 22.7 23.9 22.8 20.5 18.5 22.2 21.5 22.9 21.7 1.72 
e5_054 21.6 20.5 23.7 19.1 24.4 25.3 24.9 23.7 20.7 22.7 2.22 
e5_055 21.3 19.7 19.0 19.7 19.4 21.6 23.1 20.6 20.9 20.6 1.30 
e5_056 22.1 20.6 20.4 23.5 20.9 23.5 23.8 19.5 21.9 21.8 1.56 
e5_057 23.4 24.4 21.5 22.3 22.1 22.0 22.6 21.3 23.9 22.6 1.07 
e5_058 24.5 19.2 19.7 23.1 22.3 19.1 22.7 22.5 19.2 21.4 2.06 
e5_059 24.5 25.8 23.9 21.1 22.6 24.9 21.7 26.3 23.6 23.8 1.77 
e5_060 21.7 18.0 24.5 23.3 25.7 24.3 22.4 18.6 18.7 21.9 2.86 
e5_061 22.2 19.1 16.1 21.3 21.4 19.1 19.2 22.0 21.4 20.2 1.99 
e5_062 26.9 23.5 23.7 27.1 22.7 23.3 22.7 21.9 26.0 24.2 1.95 
e5_063 19.8 17.2 16.3 24.4 23.4 21.6 24.3 22.4 23.7 21.5 3.04 
e5_064 27.3 25.4 25.7 23.6 25.7 23.9 22.9 24.5 21.5 24.5 1.74 
e5_065 22.0 20.0 20.4 20.9 22.3 19.6 21.6 20.0 22.4 21.0 1.08 
e5_066 24.5 19.8 24.4 21.0 18.7 23.3 20.8 21.2 19.5 21.5 2.13 
e5_067 21.1 25.0 24.3 22.6 19.2 21.1 20.4 20.2 25.8 22.2 2.35 
e5_068 21.6 22.6 23.1 25.9 25.0 24.5 20.5 23.0 24.1 23.4 1.70 
e5_069 17.8 19.7 23.2 24.4 20.7 24.4 18.1 23.7 19.6 21.3 2.67 
e5_070 24.5 23.1 20.9 23.5 25.0 23.2 22.3 22.6 24.0 23.2 1.23 
e5_071 25.4 27.4 24.1 25.2 22.5 25.2 23.9 24.5 25.2 24.8 1.33 
e5_072 20.7 18.5 17.8 20.8 19.1 18.5 21.4 21.4 13.3 19.1 2.55 
e5_073 25.9 24.9 24.6 24.8 25.9 22.4 22.9 19.6 21.7 23.6 2.13 
e5_074 21.5 23.1 23.7 22.0 24.0 22.8 18.5 20.7 22.7 22.1 1.71 
e5_075 21.3 25.0 24.0 22.7 23.8 24.4 27.2 19.0 27.5 23.9 2.68 
e5_076 27.2 21.2 25.1 21.6 21.6 24.0 24.1 23.9 22.3 23.4 1.97 
e5_077 23.8 23.3 26.1 24.0 25.0 23.8 23.2 24.7 20.5 23.8 1.54 
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e5_078 23.4 21.9 25.0 21.2 20.4 23.0 21.6 18.3 23.1 22.0 1.94 
e5_079 23.9 20.6 27.5 28.6 29.8 24.5 24.4 24.1 20.8 24.9 3.20 
e5_080 22.8 23.9 22.3 24.3 24.7 21.9 20.6 22.3 18.0 22.3 2.06 
e5_081 27.1 25.7 24.2 24.7 23.9 21.6 26.8 24.1 28.0 25.1 1.98 
e5_082 21.5 26.6 22.7 22.0 26.6 27.4 29.8 27.1 24.9 25.4 2.82 
e5_083 21.1 22.5 24.0 23.2 21.7 24.0 19.5 20.7 27.5 22.7 2.36 
e5_084 24.8 21.1 21.8 23.5 26.5 25.6 24.8 17.7 25.9 23.5 2.85 
e5_085 20.3 25.2 24.6 25.2 19.9 22.8 23.9 22.3 24.3 24.7 2.00 
e5_086 26.0 21.5 26.3 22.9 25.9 22.2 22.7 25.8 24.2 24.2 1.88 
e5_087 23.3 22.4 26.1 25.7 21.2 21.0 23.8 18.1 23.2 22.8 2.47 
e5_088 20.7 20.5 21.9 23.1 23.0 22.1 28.5 21.3 24.0 22.8 2.43 
e5_089 23.6 25.0 23.1 25.5 24.2 23.8 22.7 23.3 20.3 23.5 1.50 
e5_090 24.4 24.4 25.0 25.1 24.9 24.6 24.5 25.7 24.6 24.8 0.424 
e5_091 21.5 23.5 22.9 25.8 25.7 27.2 24.1 18.9 19.9 23.3 2.79 
e5_092 20.2 21.2 20.0 25.9 22.4 25.6 21.7 25.6 28.0 23.4 2.91 
e5_093 23.7 24.1 24.2 24.3 27.0 26.4 25.8 26.0 25.6 25.2 1.18 
e5_094 23.0 20.2 26.0 18.0 20.0 21.4 19.8 19.9 22.5 21.2 2.35 
e5_095 21.7 25.3 24.2 23.8 19.1 23.2 23.6 20.8 21.3 22.6 1.96 
e5_096 23.2 25.6 23.5 23.5 28.9 24.8 23.4 26.5 26.6 25.1 1.96 
e5_097 18.2 21.1 21.1 22.2 21.5 24.7 23.5 24.3 22.4 22.1 1.98 
e5_098 24.6 23.3 22.0 24.0 25.6 23.9 23.3 19.4 23.1 23.2 1.76 
e5_099 20.5 21.6 25.2 24.5 25.6 24.1 24.6 21.7 23.1 23.4 1.80 
e5_100 20.1 19.8 19.4 18.4 19.0 22.7 21.8 22.7 24.0 20.9 1.96 
e5_101 21.4 19.0 26.3 25.0 22.0 19.3 22.2 22.0 21.5 22.1 2.36 
e5_102 24.5 23.7 25.3 23.6 22.7 24.4 23.7 25.5 20.7 23.8 1.45 
e5_103 22.3 20.5 19.9 20.8 21.7 21.3 24.0 25.1 21.4 21.9 1.68 
e5_104 28.8 23.6 26.5 24.2 28.0 24.4 25.9 26.7 26.1 26.0 1.74 
e5_105 21.2 18.9 24.2 20.9 22.3 21.1 17.8 22.4 19.8 21.0 1.94 
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e5_106 21.4 23.1 24.7 22.6 25.8 25.7 26.5 25.8 25.8 24.6 1.79 
e5_107 25.6 22.9 24.6 24.0 24.2 25.7 24.2 22.2 23.6 24.1 1.14 
e5_108 24.0 20.3 24.1 24.3 23.1 22.0 21.6 21.4 17.1 22.0 2.30 
e5_109 21.4 22.3 24.5 22.1 25.6 22.3 19.6 25.8 28.7 23.6 2.79 
e5_110 17.9 18.3 17.2 18.5 21.3 19.0 17.9 20.6 19.5 18.9 1.34 
e5_111 22.2 21.1 22.2 25.6 21.7 20.6 19.5 21.4 20.8 21.7 1.70 
e5_112 22.3 21.5 23.3 22.7 19.9 23.7 24.1 26.2 22.2 22.9 1.77 
e5_141 24.2 21.4 26.6 21.3 19.9 20.3 21.8 23.4 24.7 22.6 2.23 
e5_142 17.3 20.3 17.9 19.1 22.0 19.1 24.8 20.3 17.8 19.8 2.38 
e5_143 8.82 10.2 9.86 9.28 8.59 6.45 8.46 9.20 9.52 8.93 1.09 
e5_144 18.8 19.0 19.0 19.4 21.5 18.0 18.1 18.3 20.6 19.2 1.17 
e5_145 19.3 22.1 23.5 24.9 24.3 19.0 19.0 14.4 17.2 20.4 3.52 
e5_146 24.7 26.0 25.2 24.6 25.5 29.1 26.4 24.0 26.4 25.8 1.50 
e5_147 18.5 16.9 20.9 16.9 20.1 18.0 17.9 19.3 20.9 18.8 1.56 
e5_148 15.2 15.7 16.6 18.9 18.0 16.8 14.4 19.5 20.0 17.2 1.98 
e5_149 17.1 15.5 17.1 20.3 15.1 19.1 18.2 16.3 18.0 17.4 1.68 
e5_150 17.7 17.1 19.7 20.7 15.6 19.3 19.8 18.8 22.6 19.0 2.06 
e5_151 18.3 18.6 14.5 16.3 15.6 19.3 17.3 15.6 20.0 17.3 1.89 
e5_152 18.3 17.7 16.2 15.0 19.3 14.7 18.8 15.3 15.9 16.8 1.75 
e5_153 17.2 21.0 10.3 19.7 15.9 16.6 16.1 17.0 17.0 16.8 2.96 
e5_154 20.5 20.3 16.2 16.7 16.3 17.5 19.7 17.4 18.3 18.1 1.69 
e5_155 5.18 6.76 6.20 6.13 6.22 5.48 6.52 6.54 5.80 6.09 0.519 
e5_156 19.1 17.3 17.2 18.6 21.9 19.3 18.6 18.4 22.4 19.2 1.82 
e5_157 6.41 7.46 6.32 6.45 5.67 4.67 6.08 6.11 6.46 6.18 0.743 
e5_158 18.6 18.3 18.7 21.1 19.2 19.5 20.2 20.0 16.3 19.1 1.37 
e5_159 19.1 21.9 17.3 19.8 17.7 18.6 21.1 20.1 21.0 19.6 1.58 
e5_160 17.8 16.9 18.2 18.6 17.2 18.2 20.2 18.5 16.7 18.0 1.07 
e5_162 17.7 24.3 21.5 24.8 22.0 22.2 22.9 21.9 22.4 22.2 2.02 
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e5_163 22.5 23.1 19.7 25.1 24.2 24.5 23.8 20.9 21.0 22.8 1.86 
e5_164 24.1 22.4 22.2 25.9 18.9 21.5 23.5 24.6 24.1 23.0 2.05 
e5_165 21.9 20.7 23.4 20.8 24.9 22.8 24.3 23.1 21.9 22.6 1.45 
e5_166 23.1 21.4 20.6 24.5 23.3 18.0 25.3 26.4 22.1 22.7 2.57 
e5_167 30.9 25.7 28.1 27.6 28.3 20.8 22.7 23.9 23.6 25.7 3.24 
e5_170 19.2 23.0 22.9 13.3 20.7 21.1 18.8 21.4 16.2 19.6 3.19 
e5_172 21.4 22.3 24.0 24.1 23.1 21.3 21.0 22.4 21.6 22.4 1.16 
e5_173 23.6 22.0 19.2 21.1 22.9 18.6 23.0 22.7 22.9 21.8 1.78 
e5_174 28.6 23.7 25.9 24.9 25.2 25.0 24.8 23.8 25.2 25.2 1.44 
e5_175 21.1 26.6 23.5 22.5 25.2 25.1 23.1 24.3 23.8 23.9 1.63 
e5_176 19.6 19.6 19.9 21.5 21.6 22.8 19.2 24.1 21.6 21.1 1.66 
e5_177 23.7 26.0 24.0 25.7 22.5 24.9 23.4 27.3 23.2 24.5 1.56 
e5_178 28.6 25.3 26.5 22.5 27.7 27.0 26.0 24.4 23.4 25.7 2.01 
e5_179 22.7 23.9 22.9 18.0 20.0 22.2 24.1 25.2 19.6 22.1 2.38 
e5_180 23.4 24.6 21.9 27.4 24.3 20.8 18.3 24.0 27.2 23.5 2.91 
e5_181 25.0 25.0 23.1 23.9 24.5 25.3 26.3 26.6 25.4 25.0 1.09 
e5_182 20.0 19.2 23.9 20.8 21.2 23.0 21.8 25.7 21.4 21.9 2.02 
e5_183 25.2 21.9 25.7 25.1 23.2 26.0 25.3 26.1 26.1 25.0 1.45 
e5_184 26.2 22.5 21.7 19.5 22.9 26.0 20.7 26.2 25.9 23.5 2.62 
e5_185 22.9 23.6 23.4 21.9 24.7 19.0 22.8 23.5 21.7 22.6 1.63 
e5_186 23.5 23.2 18.2 18.8 21.3 15.7 24.3 21.2 18.1 20.5 2.93 
e5_188 16.9 20.9 21.8 23.7 20.9 22.2 23.3 24.1 24.8 22.1 2.38 
e5_189 24.1 27.9 23.9 23.1 23.9 23.1 23.3 21.2 21.9 23.6 1.88 
e5_190 22.3 23.0 18.4 20.0 19.4 18.2 19.4 21.2 24.1 20.7 2.09 
e5_191 20.7 23.9 25.5 21.8 24.4 22.9 22.9 24.0 25.1 23.5 1.55 
e5_192 23.0 24.7 23.9 22.2 25.0 26.2 28.1 19.9 26.6 24.4 2.49 
e5_193 26.6 20.0 22.7 26.5 25.3 25.6 20.8 25.3 23.3 24.0 2.43 
e5_194 22.5 22.3 20.8 19.9 22.4 22.6 25.7 23.6 23.9 22.6 1.69 
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e5_195 17.0 17.0 17.4 19.4 18.1 12.7 16.5 14.1 17.7 16.7 2.05 
e5_196 24.2 26.1 25.7 27.1 27.7 24.5 27.9 27.3 25.4 26.2 1.37 
e5_197 19.5 19.2 19.0 19.0 20.1 18.5 18.9 14.3 20.1 18.7 1.75 
e5_198 19.2 20.7 21.3 20.7 23.1 23.2 18.3 23.4 22.5 21.4 1.83 
e5_199 26.0 20.7 23.5 20.4 26.9 22.7 22.4 22.5 25.2 23.4 2.26 
e5_200 25.8 25.3 25.4 23.9 23.4 22.2 23.6 21.2 22.9 23.7 1.55 
e5_201 23.8 17.2 24.2 22.3 22.8 22.3 22.9 23.7 23.4 22.5 2.10 
e5_202 19.1 22.9 23.0 21.7 23.5 23.3 20.3 20.9 21.1 21.8 1.53 
e5_203 17.2 17.2 22.5 23.9 23.3 20.1 22.3 19.1 21.4 20.8 2.52 
e5_205 6.52 6.54 6.52 6.72 6.86 6.71 7.48 8.77 5.62 6.86 0.862 
e5_206 11.8 13.7 9.44 11.5 10.9 13.3 12.0 11.4 13.5 11.9 1.38 
g5_145 19.3 19.2 24.4 22.1 23.6 23.5 19.4 24.6 21.6 22.0 2.22 
g5_148 22.5 23.2 23.2 26.0 23.8 29.2 24.0 21.8 25.6 24.4 2.26 
g5_149 22.9 23.5 23.8 26.8 27.9 25.7 26.5 26.1 25.9 25.5 1.68 
g5_150 24.9 22.2 23.1 23.2 24.1 23.8 21.8 24.1 23.0 23.4 0.979 
g5_151 29.6 28.5 30.4 28.0 27.2 30.5 29.3 26.7 30.1 28.9 1.40 
g5_153 18.6 20.1 18.3 16.5 20.7 20.6 18.2 15.9 18.8 18.6 1.68 
g5_154 18.3 13.9 19.2 19.1 16.7 17.9 18.8 19.9 18.1 18.0 1.79 
g5_155 17.0 18.4 14.4 10.0 15.7 18.4 16.4 18.5 8.3 15.2 3.75 
g5_156 19.1 19.7 22.1 22.0 25.5 21.1 21.2 19.2 20.3 21.1 1.98 
g5_157 24.1 23.7 22.5 22.7 23.6 22.5 26.0 28.6 25.5 24.4 2.02 
g5_158 23.6 25.9 27.0 25.9 26.2 29.9 26.2 23.8 26.7 26.1 1.85 
g5_159 24.9 26.1 24.8 27.1 27.5 28.6 21.7 28.2 22.4 25.7 2.46 
g5_160 26.6 24.8 26.4 24.5 23.0 26.3 22.2 25.3 23.0 24.7 1.64 
g5_161 22.9 23.1 24.3 25.7 19.0 19.9 22.0 21.8 21.6 22.3 2.06 
g5_163 26.4 24.2 24.1 23.2 23.8 24.7 24.5 24.4 23.9 24.4 0.885 
g5_164 23.1 22.8 24.8 23.2 23.2 27.8 26.2 26.0 25.3 24.7 1.75 
g5_166 27.6 22.8 25.0 22.5 23.5 20.6 23.4 22.8 23.0 23.5 1.93 
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g5_167 26.8 23.4 22.4 28.0 24.7 23.5 29.7 22.9 26.4 25.3 2.54 
g5_168 26.3 29.6 25.1 29.7 26.1 26.0 25.0 25.5 24.9 26.5 1.87 
g5_170 25.6 25.3 21.1 24.5 25.5 25.1 24.6 26.1 27.6 25.0 1.74 
g5_171 24.3 24.4 22.7 25.6 26.6 26.7 24.2 24.3 26.4 25.0 1.37 
g5_172 25.7 23.5 14.7 22.1 18.4 18.8 25.5 23.8 21.6 21.6 3.65 
g5_173 25.1 23.3 25.8 25.3 23.6 19.7 22.5 26.1 24.8 24.0 2.02 
g5_178 26.9 24.9 27.2 27.2 23.9 24.5 26.7 21.7 21.8 25.0 2.20 
g5_180 27.9 24.2 24.1 27.9 30.2 26.4 25.8 24.7 21.9 25.9 2.51 
g5_183 26.2 18.3 25.6 20.5 21.4 19.1 22.4 24.9 21.6 22.2 2.82 
g5_184 24.0 24.7 24.0 25.0 24.7 27.1 23.6 24.5 20.9 24.3 1.62 
g5_185 21.8 23.0 24.8 24.5 24.0 23.9 24.8 25.7 22.8 23.9 1.21 
g5_186 20.9 25.4 22.2 24.1 24.8 25.2 23.4 24.7 22.9 23.7 1.51 
g5_187 23.2 21.7 23.9 23.2 28.3 26.1 23.7 21.1 29.8 24.6 2.93 
g5_189 22.4 22.6 26.3 23.7 26.0 24.5 25.2 24.8 26.3 24.6 1.49 
g5_191 26.9 25.8 21.7 23.3 25.6 24.6 23.2 25.3 23.8 24.5 1.61 
g5_193 20.5 23.7 24.5 22.7 23.2 23.3 22.1 19.9 24.4 22.7 1.61 
g5_194 23.3 24.8 24.1 20.8 25.5 23.0 23.6 21.9 24.8 23.5 1.49 
g5_195 18.0 14.8 16.0 17.9 16.3 20.8 17.2 18.0 20.2 17.7 1.92 
g5_197 18.3 20.5 17.9 17.5 23.6 22.8 22.7 23.1 18.0 20.5 2.58 
g5_198 19.0 19.6 17.1 21.9 22.3 18.9 19.4 22.0 17.5 19.7 1.93 
g5_199 26.5 23.6 27.6 27.9 28.5 23.2 29.0 24.1 25.5 26.2 2.20 
g5_200 24.1 22.3 28.2 22.5 25.0 22.1 27.9 21.0 23.0 24.0 2.56 
g5_201 22.5 25.1 21.2 25.4 26.0 25.0 23.2 27.5 25.6 24.6 1.94 
g5_202 20.6 26.5 23.4 24.1 19.5 21.9 23.1 20.6 24.6 22.7 2.25 
g5_205 18.1 14.4 17.9 13.3 9.9 19.8 17.6 16.5 16.2 16.0 3.02 
g5_206 13.7 14.2 13.1 13.2 12.8 13.9 12.8 13.1 14.5 13.5 0.620 
g5_207 13.3 12.9 13.5 11.3 12.6 15.5 12.0 15.4 13.9 13.4 1.41 
g5_208 20.9 24.7 20.7 24.4 27.5 23.4 22.9 20.4 22.6 23.1 2.29 
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g5_209 17.7 18.4 12.2 18.7 16.5 12.9 16.0 10.9 16.7 15.6 2.85 
g5_210 16.2 17.4 14.0 13.3 15.6 18.3 15.6 12.6 15.5 15.4 1.85 
g5_211 12.4 19.1 13.6 18.9 17.9 14.1 17.3 14.3 15.2 15.9 2.48 
g5_212 25.0 27.2 25.1 21.8 24.2 18.8 23.4 26.9 21.1 23.7 2.76 
g5_213 21.3 22.8 24.5 26.4 20.0 23.4 23.5 19.4 18.3 22.2 2.62 
g5_214 23.7 24.3 21.4 18.4 21.4 22.8 23.8 22.5 17.0 21.7 2.50 
g5_215 23.0 27.3 25.8 27.3 26.4 26.9 24.8 25.9 29.4 26.3 1.79 
g5_216 16.6 16.7 16.2 19.0 14.5 18.4 18.4 19.0 17.2 17.3 1.50 
g5_218 27.7 26.3 25.7 25.3 21.1 33.4 27.1 23.9 19.8 25.6 3.95 
g5_219 23.7 26.8 30.0 25.6 23.7 27.7 25.5 22.0 29.3 26.0 2.68 
g5_220 18.2 22.2 19.6 19.3 20.0 19.2 22.3 19.0 20.9 20.1 1.43 
g5_221 24.9 21.4 26.4 23.9 22.9 24.8 25.6 21.2 21.9 23.7 1.90 
g5_222 26.1 21.3 17.9 22.1 23.0 23.1 22.7 23.5 22.1 22.4 2.16 
g5_223 22.9 27.1 23.8 24.5 22.8 26.9 21.9 20.8 23.3 23.8 2.11 
g5_224 23.7 22.7 24.5 21.5 24.4 22.9 19.6 23.5 27.4 23.4 2.15 
g5_225 23.8 24.2 25.5 19.9 28.5 24.5 21.3 23.9 21.2 23.6 2.59 
g5_226 27.9 24.0 27.7 21.3 26.5 30.4 24.8 23.2 21.2 25.2 3.14 
g5_227 27.4 28.3 29.9 28.7 26.3 29.2 29.8 27.3 30.1 28.6 1.33 
g5_228 27.4 28.3 29.9 28.7 26.3 29.2 29.8 27.3 30.1 28.6 1.33 
g5_229 15.3 18.1 15.4 13.7 16.8 18.1 15.2 14.8 16.1 15.9 1.49 
g5_230 19.0 11.0 15.8 16.1 17.9 12.7 17.7 19.4 16.7 16.3 2.80 
g5_231 26.6 24.6 28.0 25.1 26.0 19.8 26.1 25.6 27.1 25.4 2.35 
g5_232 13.8 14.0 11.7 17.2 12.3 13.5 14.1 13.2 13.5 13.7 1.53 
g5_233 18.7 24.7 20.4 23.1 26.2 21.4 24.9 22.0 24.5 22.9 2.44 
g5_234 21.6 30.3 36.3 24.7 24.9 29.6 31.0 26.9 24.7 27.8 4.46 
g5_235 25.0 21.2 25.5 20.9 25.6 25.3 23.7 21.8 26.8 24.0 2.17 
g5_236 24.8 20.2 25.0 2.9 27.2 24.0 26.7 19.5 22.0 21.4 7.42 
g5_237 19.7 19.7 22.9 23.8 25.8 21.7 20.5 22.5 22.9 22.2 2.01 
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g5_238 25.4 28.8 30.0 26.4 26.1 23.4 29.1 28.2 22.7 26.7 2.56 
g5_239 25.1 21.1 27.2 29.1 28.0 26.9 26.4 26.4 25.8 26.2 2.25 
g5_240 23.5 22.5 22.8 22.1 23.4 23.9 21.2 24.2 22.3 22.9 0.959 
g5_241 23.3 25.1 26.7 23.3 23.0 22.4 26.1 24.7 25.0 24.4 1.48 
g5_242 2.3 25.7 21.8 23.5 26.3 22.7 22.4 22.0 22.1 21.0 7.19 
g5_243 22.9 21.5 24.0 21.3 19.7 24.4 26.6 23.8 22.7 23.0 2.02 
g5_244 18.7 18.9 22.7 21.9 22.8 22.0 23.5 24.2 18.2 21.4 2.24 
g5_246 22.9 19.6 2.1 24.3 22.5 20.8 20.9 22.7 23.0 19.9 6.81 
g5_247 21.2 17.6 19.1 14.7 17.5 21.1 18.2 21.1 20.8 19.0 2.24 
g5_248 13.8 17.2 20.1 17.6 16.9 16.3 19.5 20.2 13.7 17.3 2.44 
g5_252 15.8 19.8 18.4 16.8 20.3 19.3 16.9 17.5 15.8 17.8 1.69 
g5_253 16.4 15.2 17.8 18.2 16.3 21.4 15.1 16.8 20.3 17.5 2.17 
g5_255 17.9 16.9 15.6 14.3 14.6 15.8 13.8 17.0 15.8 15.7 1.36 
g5_256 14.4 17.2 14.6 17.4 14.6 16.7 19.3 16.5 26.2 17.4 3.66 
g5_258 14.8 12.8 15.4 14.2 16.8 12.8 16.0 14.7 12.7 14.5 1.48 
g5_259 17.9 15.1 15.1 12.6 13.5 12.5 15.5 12.7 13.5 14.3 1.79 
g5_260 10.0 15.7 16.3 11.7 16.5 14.7 16.1 16.0 14.1 14.6 2.28 
g5_261 15.2 18.6 16.0 15.0 16.0 16.1 16.0 20.2 19.9 17.0 2.01 
g5_262 16.3 16.9 15.4 15.7 18.0 17.2 15.3 18.3 16.7 16.6 1.08 
g5_263 14.9 20.7 19.6 21.6 19.3 16.2 18.1 20.0 16.6 18.6 2.25 
g5_264 18.9 17.9 21.4 20.7 16.3 16.2 21.3 17.4 19.8 18.9 2.04 
g5_265 24.6 22.6 20.4 18.8 21.2 19.1 22.5 19.6 20.4 21.0 1.90 
g5_266 21.8 22.9 21.2 23.6 2.6 23.6 27.4 21.7 23.0 20.9 7.09 
g5_267 23.7 19.4 25.3 27.3 26.2 21.6 18.1 22.1 17.1 22.3 3.62 
g5_268 24.6 22.1 23.0 25.0 26.0 22.7 26.1 26.0 29.4 25.0 2.25 
g5_269 26.7 25.4 22.4 25.9 27.4 23.4 28.7 24.8 24.7 25.5 1.96 
g5_270 23.0 26.9 24.2 26.8 26.6 26.3 27.8 22.3 23.5 25.3 2.01 
g5_271 23.4 27.8 23.0 28.7 25.5 29.7 27.1 24.6 20.6 25.6 2.98 
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g5_276 26.8 28.2 30.6 26.1 23.3 26.8 23.9 25.9 26.2 26.4 2.16 
g5_277 26.3 25.8 24.3 25.0 26.4 24.7 26.4 25.4 23.8 25.3 0.959 
g5_278 23.3 21.3 21.5 21.7 21.3 21.9 23.0 25.6 24.0 22.6 1.48 
g5_279 23.4 20.7 22.2 21.7 26.0 22.0 24.3 23.6 20.7 22.7 1.75 
g5_280 23.8 23.6 22.8 24.4 25.3 27.0 24.5 27.2 22.0 24.5 1.75 
g5_281 20.4 25.9 25.0 2.2 22.8 25.0 23.2 19.7 22.6 20.8 7.26 
g5_282 17.6 21.3 23.3 23.1 20.8 22.3 23.8 25.3 24.6 22.5 2.33 
g5_283 23.3 24.6 25.1 24.0 22.7 23.1 22.0 24.2 23.5 23.6 0.968 
g5_303 20.7 26.3 25.5 22.3 25.0 19.1 21.2 18.7 17.4 21.8 3.21 
g5_304 24.8 23.2 21.9 23.3 20.5 26.9 24.9 21.5 22.9 23.3 1.97 
g5_305 25.0 23.5 24.2 22.7 24.0 21.6 22.2 24.7 24.1 23.6 1.16 
g5_306 17.8 16.3 18.8 18.9 18.8 18.4 17.6 19.8 18.7 18.3 1.00 
g5_307 20.9 19.8 17.9 20.2 20.6 19.1 21.2 21.7 23.9 20.6 1.69 
g5_309 16.3 14.6 18.5 18.1 14.2 18.7 17.7 17.1 16.4 16.8 1.62 
g5_310 17.3 18.4 21.5 19.2 19.1 16.0 13.7 20.7 17.9 18.2 2.37 
g5_312 15.8 17.7 17.8 16.0 15.6 19.4 15.2 12.8 20.0 16.7 2.25 
g5_313 16.3 15.5 14.5 15.5 16.1 14.6 18.0 15.4 16.5 15.8 1.07 
g5_315 24.2 51.5 34.7 9.10 24.1 17.6 6.54 5.07 16.3 21.0 14.90 
g5_321 13.5 14.0 14.9 13.1 13.1 13.8 14.4 13.0 12.9 13.6 0.696 
g5_323 13.1 16.5 14.1 15.5 14.7 16.5 13.8 12.1 12.5 14.3 1.62 
g5_325 15.4 15.8 16.5 16.7 15.2 15.8 12.9 16.5 12.9 15.3 1.45 
g5_326 14.5 15.4 13.5 14.3 15.2 15.7 15.5 16.4 14.9 15.0 0.857 
g5_332 19.3 22.2 18.4 23.5 19.0 21.4 20.9 21.1 18.3 20.5 1.81 
g5_333 18.4 17.8 17.8 18.4 19.7 19.5 19.1 16.8 14.4 18.0 1.63 
g5_334 12.9 15.2 13.2 12.6 13.3 13.7 16.0 15.2 16.5 14.3 1.45 
g5_335 21.3 24.7 20.2 17.8 18.2 23.9 21.0 20.5 21.2 21.0 2.27 
g5_336 24.5 21.8 26.0 25.9 20.5 25.0 24.0 22.9 20.3 23.4 2.18 
g5_338 22.9 21.8 22.3 23.1 23.0 25.2 29.4 24.7 28.1 24.5 2.66 
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g5_339 20.9 22.5 22.9 20.7 27.4 21.3 21.4 23.5 24.2 22.8 2.12 
g5_340 24.0 26.9 27.6 24.3 25.6 21.4 23.3 22.7 21.5 24.1 2.21 
g5_341 24.9 22.7 23.3 25.0 24.1 25.1 24.6 25.1 24.2 24.3 0.853 
g5_342 22.8 22.1 22.3 22.7 22.9 22.2 23.3 21.9 22.4 22.5 0.446 
g5_343 25.2 26.2 25.6 26.5 24.1 23.1 23.2 25.0 23.0 24.7 1.35 
g5_344 26.8 27.1 22.8 22.2 23.5 25.3 22.6 27.5 25.0 24.8 2.07 
g5_345 27.5 24.7 24.5 27.8 23.6 22.9 27.1 24.7 26.8 25.5 1.81 
g5_346 23.8 20.6 24.0 22.4 20.8 23.1 22.4 21.8 21.8 22.3 1.20 
g5_347 19.9 24.6 22.0 22.1 24.5 21.3 22.7 21.0 22.6 22.3 1.54 
g5_349 26.8 27.1 24.6 25.4 27.2 25.6 25.7 30.8 25.4 26.5 1.83 
g5_350 23.1 24.0 27.5 27.8 25.3 26.0 22.5 22.3 23.9 24.7 2.06 
g5_351 27.4 25.2 24.9 27.4 28.1 26.0 24.0 24.1 24.4 25.7 1.57 
g5_352 23.6 24.1 26.4 22.7 25.8 24.8 25.3 23.3 22.8 24.3 1.33 
g5_353 23.0 25.7 29.0 26.0 26.2 26.1 25.2 25.7 26.1 25.9 1.53 
g5_354 22.3 22.5 21.7 25.2 24.6 24.5 25.7 23.5 24.2 23.8 1.38 
g5_355 27.9 26.8 26.6 26.6 22.1 24.1 24.9 26.2 22.3 25.3 2.06 
g5_356 24.9 24.8 26.1 27.1 21.5 25.8 21.3 23.1 24.8 24.4 2.01 
g5_357 23.5 28.5 25.2 19.8 23.1 23.6 28.5 26.1 21.6 24.4 2.94 
g5_358 23.8 23.8 23.3 23.3 24.7 24.4 25.6 25.4 23.4 24.2 0.885 
g5_359 25.0 21.8 22.3 22.5 22.4 24.8 23.2 25.4 21.4 23.2 1.49 
g5_360 23.2 23.0 20.5 20.0 17.2 20.0 22.2 21.9 20.6 21.0 1.87 
g5_362 20.1 16.9 15.5 17.0 22.5 20.0 19.1 19.0 21.8 19.1 2.32 
g5_363 22.4 23.2 23.5 27.0 23.0 28.7 26.4 29.8 26.8 25.6 2.70 
g5_365 22.7 20.9 22.2 23.5 21.4 21.9 23.6 20.3 20.6 21.9 1.21 
g5_366 23.9 22.1 16.4 24.3 24.1 22.9 26.7 23.4 17.6 22.4 3.31 
g5_367 22.6 23.1 19.0 25.2 26.6 28.4 26.4 22.8 23.0 24.1 2.82 
g5_368 22.7 23.5 24.9 24.5 22.7 25.3 20.0 22.9 25.3 23.5 1.71 
g5_369 22.0 18.9 21.5 17.0 18.1 17.7 20.3 18.6 19.0 19.2 1.70 
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g5_370 16.3 22.2 17.0 20.6 15.6 22.2 25.6 22.8 23.5 20.6 3.53 
g5_371 20.4 19.2 17.7 19.2 25.6 15.4 17.0 16.9 18.8 18.9 2.93 
g5_372 14.6 16.6 13.9 15.0 12.2 15.1 17.3 14.3 14.8 14.9 1.48 
g5_374 15.9 16.9 16.1 12.8 13.3 18.5 16.9 14.7 19.1 16.0 2.14 
g5_377 25.8 20.8 21.8 23.6 23.0 19.7 22.0 20.1 20.1 21.9 2.00 
g5_378 18.2 20.3 20.1 18.2 20.1 20.1 22.2 19.3 18.7 19.7 1.26 
g5_379 18.1 17.7 19.0 20.7 15.3 21.1 18.8 17.7 19.7 18.7 1.76 
g5_380 25.4 24.8 21.8 24.9 24.2 24.8 24.0 22.6 23.7 24.0 1.17 
g5_381 21.3 22.4 21.7 21.3 21.3 22.1 25.0 21.8 22.7 22.2 1.17 
g5_382 15.0 15.5 16.7 17.0 17.9 15.8 15.4 15.6 17.5 16.3 1.03 
g5_383 19.9 21.4 20.3 18.7 22.5 17.3 21.1 21.5 19.9 20.3 1.58 
g5_384 16.4 15.9 15.3 16.8 16.1 15.5 15.4 17.6 15.7 16.1 0.751 
g5_385 16.6 14.2 17.8 16.0 17.7 17.3 14.8 15.8 15.2 16.2 1.29 
g5_386 18.3 19.1 16.4 13.7 14.4 14.0 15.4 17.4 19.1 16.4 2.16 
g5_387 18.1 17.5 15.5 20.7 17.4 15.0 19.5 16.5 17.6 17.5 1.80 
g5_389 19.5 19.8 26.3 22.1 18.1 20.7 21.4 20.5 17.4 20.6 2.59 
g5_390 26.1 25.4 23.1 26.1 23.7 24.5 24.5 26.0 23.6 24.8 1.17 
g5_391 22.7 22.4 22.0 21.5 19.4 20.5 26.5 34.3 21.7 23.4 4.51 
g5_392 20.7 22.3 24.7 23.5 24.0 22.0 24.0 23.8 22.8 23.1 1.25 
g5_393 19.3 18.8 15.1 13.5 15.6 11.3 14.9 13.9 15.3 15.3 2.49 
g5_394 16.8 16.0 16.1 17.7 14.9 15.9 17.5 16.1 14.7 16.2 1.02 
g5_396 13.9 15.0 16.8 18.4 16.1 15.9 21.1 14.5 18.3 16.7 2.27 
g5_397 16.7 15.6 19.8 18.0 17.8 18.1 20.0 13.0 18.1 17.5 2.15 
g5_398 17.6 15.0 20.3 16.1 16.3 20.4 17.6 20.3 21.2 18.3 2.28 
g5_399 19.4 18.2 16.6 14.8 19.7 19.5 16.6 13.3 17.7 17.3 2.21 
g5_400 15.8 18.7 15.8 12.4 14.1 17.3 17.8 16.1 15.2 15.9 1.92 
g5_401 19.1 20.7 18.8 17.9 16.3 17.7 17.0 17.8 14.5 17.8 1.76 
g5_403 21.2 22.3 20.0 18.7 22.5 23.5 24.0 24.9 23.0 22.2 1.97 
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g5_404 18.0 17.7 18.1 16.4 19.1 18.9 17.7 18.3 19.2 18.2 0.872 
g5_405 21.7 18.5 19.8 22.7 21.0 20.4 17.9 16.3 17.3 19.5 2.15 
g5_406 18.8 25.1 25.2 26.9 24.1 21.4 22.5 21.9 20.0 22.9 2.65 
g5_407 21.4 21.1 22.6 21.2 22.8 24.0 19.6 20.8 20.6 21.6 1.34 
g5_408 22.2 2.3 22.3 24.4 23.5 19.6 26.8 24.6 25.3 21.2 7.39 
g5_409 24.5 24.5 24.3 23.6 23.6 23.2 23.8 19.6 23.8 23.4 1.50 
g5_410 25.6 22.1 25.3 20.8 23.9 24.4 23.2 26.7 25.7 24.2 1.90 
g5_411 24.4 25.1 24.5 23.5 22.6 24.4 24.3 20.9 25.6 23.9 1.42 
g5_412 21.6 16.6 25.3 28.4 24.4 24.0 25.6 25.7 24.0 24.0 3.30 
g5_413 25.0 21.5 20.1 23.7 21.8 19.8 21.1 19.0 19.4 21.3 2.01 
g5_414 23.0 25.6 26.7 24.2 24.4 25.9 27.1 27.9 24.3 25.5 1.60 
g5_415 21.9 26.0 24.8 28.4 27.4 27.7 25.3 27.1 22.8 25.7 2.24 
g5_416 22.5 24.6 22.9 20.6 21.6 25.5 25.2 27.0 23.2 23.7 2.05 
g5_418 2.2 20.2 28.5 24.3 24.7 22.5 23.6 20.7 23.1 21.1 7.49 
g5_419 27.1 28.3 29.0 23.6 30.8 29.1 22.3 29.7 21.1 26.8 3.53 
g5_420 22.2 21.5 20.5 21.0 22.2 22.2 19.8 23.8 18.5 21.3 1.56 
g5_421 24.4 25.5 22.6 24.8 25.3 25.4 22.1 23.7 27.2 24.6 1.57 
g5_422 23.1 23.1 22.4 24.1 22.9 23.4 22.3 22.0 22.1 22.8 0.687 
g5_423 19.0 27.7 19.0 24.1 21.9 28.9 20.2 21.2 19.6 22.4 3.72 
g5_424 23.2 19.8 20.0 21.1 21.0 19.2 2.6 22.8 21.2 19.0 6.28 
g5_426 18.5 18.4 19.0 18.5 17.3 24.2 23.3 23.8 23.1 20.7 2.83 
g5_427 23.5 23.9 23.1 24.9 22.4 24.2 23.5 21.7 23.9 23.5 0.959 
g5_428 22.9 24.9 24.3 22.0 25.7 23.7 24.6 25.4 24.3 24.2 1.18 
g5_429 19.9 17.5 17.5 18.5 19.4 19.9 18.9 18.7 20.4 19.0 1.04 
g5_432 9.10 10.0 7.69 9.09 8.82 9.45 9.29 9.60 9.15 9.13 0.640 
g5_433 27.4 22.4 21.8 30.8 22.8 26.3 32.6 24.8 32.1 26.8 4.22 
g5_434 18.4 20.1 21.7 21.8 26.0 20.6 22.5 21.4 32.1 22.7 4.07 
g5_436 26.0 28.4 16.0 9.4 24.0 19.2 21.8 7.1 29.3 20.1 7.97 
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g5_437 10.3 19.3 16.9 12.0 13.0 21.2 20.3 10.3 16.9 15.6 4.28 
g5_440 24.8 26.8 27.5 26.1 26.6 33.3 20.1 31.3 31.9 27.6 4.07 
g5_447 25.7 24.0 23.2 23.0 24.5 26.4 22.8 24.3 22.3 24.0 1.37 
g5_449 22.4 22.6 23.7 21.1 25.7 15.7 26.2 26.4 20.6 22.7 3.39 
g5_450 21.8 19.8 22.1 25.3 18.6 24.5 23.2 22.1 21.0 22.0 2.12 
g5_452 32.7 25.8 26.8 39.1 26.1 26.6 26.8 28.1 26.6 28.7 4.41 
g5_453 24.7 22.3 25.4 22.7 23.8 19.8 20.2 21.3 24.5 22.7 2.02 
g5_454 22.6 21.2 22.4 22.9 21.6 24.9 24.6 18.3 22.4 22.3 1.94 
g5_456 26.3 23.0 26.5 25.2 21.3 27.2 24.3 25.7 30.0 25.5 2.51 
g5_457 27.7 29.6 25.7 23.2 31.0 27.7 28.8 29.5 30.0 28.1 2.42 
g5_458 26.9 25.0 28.6 21.0 23.2 26.5 21.4 28.3 24.5 25.0 2.79 
g5_459 31.2 32.1 24.2 26.5 29.8 21.1 25.8 30.1 25.4 27.4 3.65 
g5_460 19.6 29.3 24.8 24.2 19.8 25.6 28.2 26.5 19.1 24.1 3.81 
g5_461 25.9 24.6 26.3 24.2 25.5 23.2 25.7 23.3 26.2 25.0 1.20 
g5_462 20.9 22.2 23.9 22.4 23.5 22.5 22.8 21.7 22.0 22.4 0.906 
g5_463 22.4 27.7 27.9 27.5 26.9 26.7 22.6 28.0 26.2 26.2 2.19 
g5_464 23.7 22.3 15.6 23.2 22.3 25.2 23.7 21.5 23.0 22.3 2.72 
g5_465 23.1 22.9 22.1 22.8 22.6 20.8 21.6 27.0 24.0 23.0 1.76 
g5_466 20.3 21.1 26.4 27.0 20.1 24.0 27.7 24.8 25.2 24.1 2.91 
g5_467 26.2 22.6 16.2 24.2 23.4 24.1 23.1 22.0 22.8 22.7 2.74 
g5_468 14.9 17.9 17.4 18.6 17.2 15.2 16.6 15.0 16.3 16.6 1.33 
g5_469 15.2 15.6 15.1 13.7 15.5 15.7 17.6 13.3 16.9 15.4 1.35 
g5_470 15.0 16.5 16.2 15.8 16.1 16.0 13.7 17.5 15.6 15.8 1.05 
g5_471 11.4 11.8 12.0 12.7 12.3 12.2 11.4 12.9 12.8 12.2 0.568 
g5_472 23.1 23.3 23.4 27.7 24.7 27.7 24.0 24.6 25.1 24.8 1.76 
g5_473 23.6 24.5 27.9 22.1 28.8 23.8 25.8 24.7 26.6 25.3 2.16 
g5_475 25.1 24.7 22.5 26.6 25.6 21.3 25.2 26.4 24.7 24.7 1.74 
g5_476 20.2 20.0 23.6 19.6 20.4 23.4 22.2 21.8 22.4 21.5 1.51 
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MAGNETIC SUSCEPTIBILITY DATA FOR ROCKS OF THE DUSY BASIN AREA† 
waypoint 1 2 3 4 5 6 7 8 9 mean 1σ 
g5_477 21.2 18.2 17.0 20.2 19.9 22.2 21.8 18.9 20.7 20.0 1.72 
g5_478 8.58 8.72 8.86 7.86 8.52 6.80 8.32 10.20 9.25 8.57 0.931 
g5_479 22.2 19.1 22.0 21.8 19.8 23.5 17.3 19.9 23.6 21.0 2.12 
g5_480 19.1 16.1 21.1 23.1 25.3 23.8 19.5 17.4 22.9 20.9 3.11 
g5_481 6.72 7.06 7.43 6.42 6.77 6.15 7.92 7.03 8.20 7.08 0.672 
g5_482 18.5 19.4 17.4 18.7 19.2 21.5 17.5 21.1 18.5 19.1 1.43 
g5_483 14.2 15.5 13.6 17.7 15.9 17.9 16.5 18.2 13.9 15.9 1.78 
g5_484 9.47 10.4 10.3 10.6 11.5 11.1 10.0 9.77 10.6 10.4 0.633 
g5_485 21.2 19.0 16.1 20.6 18.1 16.7 18.8 20.6 20.2 19.0 1.80 
g5_486 18.1 15.5 17.5 15.9 18.6 18.3 18.9 18.6 17.1 17.6 1.22 
g5_487 16.4 20.2 17.1 17.9 17.5 18.8 18.2 14.5 15.7 17.4 1.70 
g5_488 16.9 16.9 15.4 15.3 16.5 14.7 14.3 16.8 16.8 16.0 1.03 
g5_489 21.2 19.2 15.1 20.2 22.8 20.9 19.3 26.7 25.5 21.2 3.49 
g5_490 10.4 9.12 9.71 8.42 12.1 9.66 12.6 11.0 10.5 10.4 1.35 
g5_491 17.5 17.6 17.2 17.9 19.9 16.7 14.2 11.9 17.2 16.7 2.32 
g5_492 6.17 7.15 6.08 7.25 6.05 5.85 7.31 9.74 7.47 7.01 1.21 
g5_493 18.6 19.0 18.6 22.5 25.4 25.1 24.2 19.4 24.5 21.9 2.99 
g5_494 16.5 17.3 17.0 16.0 17.1 16.6 17.8 15.7 24.0 17.6 2.50 
g5_495 24.1 21.0 21.6 17.3 16.5 14.3 16.0 19.0 16.7 18.5 3.16 
g5_496 18.0 17.1 17.1 19.3 22.8 15.0 17.9 16.4 19.3 18.1 2.23 
g5_502 18.3 20.5 15.2 18.8 18.3 19.2 18.1 20.1 19.2 18.6 1.52 
g5_503 14.8 16.4 16.4 16.1 13.3 14.8 17.3 16.2 15.3 15.6 1.20 
g5_505 14.1 13.7 13.7 14.7 15.9 14.2 14.6 14.3 17.8 14.8 1.31 
g5_506 12.7 11.3 14.7 14.2 13.7 13.6 13.8 14.0 11.7 13.3 1.16 
g5_507 17.5 14.2 14.7 15.0 16.2 14.7 15.8 16.8 12.0 15.2 1.62 
g5_508 15.4 14.2 12.4 13.7 18.5 13.9 15.2 15.7 14.3 14.8 1.71 
g5_509 14.5 14.1 13.4 12.8 13.9 18.8 14.7 13.8 18.4 14.9 2.16 
g5_510 14.1 14.9 16.4 15.0 13.3 12.3 14.2 12.5 11.0 13.7 1.65 
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MAGNETIC SUSCEPTIBILITY DATA FOR ROCKS OF THE DUSY BASIN AREA† 
waypoint 1 2 3 4 5 6 7 8 9 mean 1σ 
g5_511 11.2 13.4 13.3 15.6 14.2 12.6 10.2 11.1 14.6 12.9 1.80 
g5_513 14.7 13.2 13.2 12.0 12.8 13.6 14.3 14.6 13.3 13.5 0.884 
g5_514 18.5 23.0 20.3 18.9 15.8 21.3 18.0 17.0 17.3 18.9 2.27 
g5_516 16.6 18.3 12.7 16.0 14.9 16.8 16.4 16.9 15.6 16.0 1.56 
g5_517 16.3 14.2 15.5 19.5 18.5 13.4 20.2 12.4 17.5 16.4 2.75 
g5_519 31.7 29.7 20.1 27.1 24.4 31.7 25.5 29.2 31.3 27.9 3.95 
g5_526 22.3 28.2 26.3 27.3 31.7 30.9 30.1 29.4 27.2 28.2 2.85 
g5_527 32.9 36.9 34.0 32.5 31.6 33.2 35.2 49.8 40.4 36.3 5.74 
g5_530 30.7 21.7 26.8 28.6 35.1 33.4 33.2 27.8 32.9 30.0 4.22 
g5_534 23.2 21.6 19.8 22.7 22.6 23.0 20.1 22.9 21.0 21.9 1.30 
g5_535 10.7 9.79 10.5 11.2 11.9 12.6 12.3 11.3 12.1 11.4 0.931 
g5_537 21.8 27.9 23.0 23.5 21.3 21.1 23.8 21.6 22.8 23.0 2.09 
g5_538 23.6 22.0 19.4 20.8 20.2 22.1 24.0 24.3 21.5 22.0 1.72 
g5_539 19.1 19.0 20.3 20.0 20.6 20.1 18.9 21.4 18.7 19.8 0.917 
g5_540 15.6 15.9 13.0 16.3 17.1 24.6 16.8 13.5 15.1 16.4 3.36 
g5_541 26.6 21.3 24.4 22.3 21.8 24.6 22.3 21.8 23.7 23.2 1.74 
g5_542 22.3 23.1 22.6 20.3 23.3 26.4 21.5 23.0 29.1 23.5 2.66 
g5_543 21.5 21.4 20.4 21.6 21.4 21.4 18.7 23.1 23.4 21.4 1.38 
g5_544 23.7 15.5 18.4 20.9 23.4 23.7 19.4 24.0 21.5 21.2 2.94 
g5_546 23.9 27.6 25.1 24.1 23.7 25.1 20.4 21.9 21.5 23.7 2.19 
g5_547 14.4 12.4 13.3 12.0 11.4 10.6 14.2 13.4 14.8 12.9 1.44 
g5_548 16.3 11.3 14.1 14.2 13.4 14.9 14.0 15.3 14.4 14.2 1.38 
g5_549 25.0 23.1 25.8 27.2 27.5 25.0 23.5 25.7 25.5 25.4 1.46 
g5_551 18.6 20.3 22.8 20.9 21.5 23.0 20.4 20.8 23.3 21.3 1.53 
g5_552 28.0 23.3 27.9 25.3 25.0 23.7 27.3 27.5 21.9 25.5 2.25 
g5_553 25.1 19.0 24.2 21.2 19.2 20.5 22.3 19.6 21.1 21.4 2.15 
g5_554 32.2 31.1 28.0 34.4 29.6 30.4 29.7 31.0 29.6 30.7 1.84 
g5_555 24.9 20.8 25.5 22.3 23.1 19.5 19.7 23.3 21.2 22.3 2.14 
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waypoint 1 2 3 4 5 6 7 8 9 mean 1σ 
g5_556 14.2 14.1 13.1 14.3 14.9 14.9 11.6 11.4 12.8 13.5 1.33 
g5_557 13.0 11.8 12.0 12.8 13.4 12.9 14.9 10.0 12.8 12.6 1.33 
g5_558 15.8 16.0 15.5 15.4 15.6 15.5 15.1 15.8 17.0 15.7 0.539 
g5_560 18.3 17.7 21.3 22.5 19.6 19.7 19.6 19.2 21.7 20.0 1.58 
g5_561 22.6 22.5 24.2 17.8 22.6 21.3 23.4 15.8 18.3 20.9 2.92 
g5_562 28.8 27.1 27.9 25.3 28.7 29.3 24.0 26.1 30.4 27.5 2.07 
g5_563 14.5 15.9 13.2 13.4 13.8 13.9 15.1 15.9 16.1 14.6 1.14 
g5_564 15.8 16.4 15.9 14.9 16.0 16.3 15.2 14.3 17.6 15.8 0.956 
g5_565 19.1 22.2 22.6 18.8 21.1 20.0 20.7 19.3 20.7 20.5 1.34 
g5_566 23.1 21.7 21.3 21.5 20.8 20.1 17.7 25.6 21.1 21.4 2.13 
g5_567 22.5 21.7 21.8 22.0 22.3 21.3 25.4 21.1 23.3 22.4 1.31 
g5_568 28.4 22.2 21.9 22.1 23.2 24.2 24.0 26.2 23.2 23.9 2.14 
g5_569 23.0 24.3 25.2 26.4 22.5 26.0 22.8 25.2 21.6 24.1 1.70 
g5_570 21.7 22.3 22.3 19.6 20.3 22.2 15.7 19.1 21.7 20.5 2.18 
g5_575 14.1 15.4 13.7 14.9 15.5 11.5 16.1 15.1 17.1 14.8 1.60 
g5_576 17.6 18.0 14.2 22.3 21.2 21.7 12.2 19.2 18.5 18.3 3.38 
g5_577 16.8 15.5 16.9 13.4 17.4 13.1 13.5 19.6 14.8 15.7 2.19 
g5_578 18.7 17.2 18.0 17.5 17.2 16.6 16.0 19.4 18.3 17.7 1.06 
g5_579 13.2 14.5 15.2 17.2 17.7 16.1 17.1 13.6 19.4 16.0 2.05 
g5_582 9.81 13.0 16.2 13.0 12.3 11.9 12.8 14.4 14.1 13.1 1.78 
g5_583 9.80 15.2 14.7 10.2 13.5 12.2 19.3 16.1 10.3 13.5 3.19 
g5_585 13.7 13.8 14.2 14.8 15.3 14.0 14.0 15.3 13.5 14.3 0.679 
g5_588 14.2 16.0 15.4 15.8 14.0 17.1 17.0 17.7 16.5 16.0 1.27 
†Magnetic susceptibility data presented herein are in 10-3 SI units.  Nine measurements (1-9) were taken at each magnetic 
susceptibility measurement station on fresh, smooth surface.  Coordinates for each station (waypoint) provided in Appendix IV of the 
study.  Mean magnetic susceptibility values (mean) and one standard deviation (1σ) were calculated for the station. 
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APPENDIX II: 
STRUCTURAL DATA FOR ROCKS OF THE DUSY BASIN AREA 
waypoint† strike‡ dip type§ 
g4_010 140 65 e 
g4_101 147 81 b 
g4_102 140 78 b 
g4_103 135 57 b 
g4_104 135 68 b 
g4_105 118 62 b 
g4_106 141 54 e 
g4_107 116 29 e 
g4_109 132 24 e 
g4_011 136 45 b 
g4_110 no discernable foliation 
g4_111 no discernable foliation 
g4_113 no discernable foliation 
g4_114 no discernable foliation 
g4_115 310 71 b 
g4_117 300 30 b 
g4_118 319 56 e 
g4_119 308 46 e 
g4_012 167 9 e 
g4_122 332 63 c 
g4_123 321 51 e 
g4_124 060 35 e 
g4_126 132 42 e 
g4_127 146 63 e 
g4_128 144 34 e 
g4_129 157 24 e 
g4_013 109 64 e 
g4_130 no discernable foliation 
g4_131 no discernable foliation 
g4_132 no discernable foliation 
g4_133 312 58 b 
g4_135 312 56 b 
g4_136 312 54 b 
g4_137 332 42 b 
g4_139b 136 62 c 
g4_139c 142 56 b 
g4_140 154 75 b 
g4_141 146 70 e 
g4_017 130 52  
g4_018 114 68 b 
waypoint† strike‡ dip type§ 
g4_019 184 67 e 
g4_020 162 56 b 
g4_021 176 47 b 
g4_022 164 54 e 
g4_025a 324 66 e 
g4_025b 293 53 b 
g4_026 324 78 e 
g4_027 143 86 s 
g4_034b 162 44 s 
g4_035 142 75 e 
g4_036a 096 46 e 
g4_036b 152 71 b 
g4_037 110 60 b 
g4_038 131 74 b 
g4_039 136 90 e 
g4_041 170 80 b 
g4_042a 100 79 b 
g4_042b 150 61 b 
g4_044a 154 78 e 
g4_044b 130 60 b 
g4_045 130 41 e 
g4_047 115 35 e 
g4_052a 125 75 b 
g4_052b 145 80 m 
g4_052c 140 60 b 
g4_052e 130 60 b 
g4_052f 130 45 b 
g4_053 180 30 e 
g4_056 140 50 b 
g4_057 175 60 c 
g4_062 140 70 b 
g4_068 165 65 e 
g4_069 148 75 b 
g4_071 140 65 b 
g4_072 158 45 s 
g4_074a 175 75 e 
g4_074b 158 70 e 
g4_076 150 73 e 
g4_077 140 67 e 
g4_078 150 74 e 
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waypoint† strike‡ dip type§ 
g4_079 000 76 m 
g4_080 157 82 m 
g4_082 147 42 c 
g4_083 315 65 s 
g4_084 340 65 b 
g4_085 147 46 b 
g4_086 175 80 b 
g4_087 165 85 b 
g4_091 166 76 e 
g4_094 166 73 e 
g4_095 152 60 e 
g4_096a 124 83 e 
g4_096b 300 71 c 
g4_096c 152 88 e 
g4_097 152 82 e 
g4_098 134 50 b 
g4_099 139 73 b 
e5_101 055 18 b 
e5_160 310 78 b 
e5_161 312 79 c 
e5_164 324 61 b 
e5_167 305 54 b 
e5_172 no discernable foliation 
e5_173 135 37 b 
e5_174 no discernable foliation 
e5_175 no discernable foliation 
e5_176 154 19 e 
e5_177 no discernable foliation 
e5_178 no discernable foliation 
e5_179 109 39 e 
e5_180 no discernable foliation 
e5_181 no discernable foliation 
e5_182 no discernable foliation 
e5_183 no discernable foliation 
e5_184 no discernable foliation 
e5_186 330 52 b 
e5_188 no discernable foliation 
e5_189 315 72 b 
e5_190 no discernable foliation 
e5_191 no discernable foliation 
e5_192 no discernable foliation 
e5_193 no discernable foliation 
e5_196 302 42 b 
waypoint† strike‡ dip type§ 
e5_200 327 59 b 
e5_035 192 70 e 
e5_008 110 54 d 
e5_093 58 10 b 
g5_145 121 51 b 
g5_155 081 21 c 
g5_159 127 64 b 
g5_166 no discernable foliation 
g5_167 122 54 b 
g5_171 122 21 e 
g5_172 105 61 e 
g5_175 256 74 d 
g5_188 068 21 s 
g5_222 131 62 b 
g5_224 139 67 b 
g5_236 161 71 b 
g5_238 137 85 b 
g5_240 153 79 b 
g5_243 no discernable foliation 
g5_245 157 54 b 
g5_247 126 84 b 
g5_249 140 79 c 
g5_251 145 67 b 
g5_255 148 84 b 
g5_267 335 38 d 
g5_282 139 67 b 
g5_308 316 67 c 
g5_319 333 75 m 
g5_323 161 79 b 
g5_331 342 78 c 
g5_336 136 64 b 
g5_349 310 58 c 
g5_358 138 64 b 
g5_359 307 72 c 
g5_381 112 53 b 
g5_388 337 76 c 
g5_399 321 59 e 
g5_402 355 81 c 
g5_404 164 69 e 
g5_408 165 63 b 
g5_411 no discernable foliation 
g5_412 196 28 e 
g5_413 225 27 b 
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waypoint† strike‡ dip type§ 
g5_414 no discernable foliation 
g5_415 166 38 b 
g5_417 213 83 d 
g5_418 no discernable foliation 
g5_427 150 46 b 
g5_433 139 77 m 
g5_434 159 73 m 
g5_436 52 38 m 
g5_437 002 55 m 
g5_438 336 57 m 
g5_440 341 69 b 
g5_443 126 28 e 
g5_446 192 18 e 
g5_447 no discernable foliation 
g5_448 126 18 b 
g5_449 no discernable foliation 
g5_450 no discernable foliation 
g5_452 no discernable foliation 
g5_453 no discernable foliation 
g5_455 127 28 b 
g5_457 no discernable foliation 
g5_458 026 18 e 
g5_462 no discernable foliation 
g5_463 no discernable foliation 
g5_472 336 47 b 
g5_473 no discernable foliation 
g5_476 318 61 b 
g5_482 318 62 c 
g5_486 303 54 b 
g5_497 144 90 c 
g5_498 321 90 c 
g5_504 157 69 e 
g5_507 126 82 e 
g5_511 121 71 e 
g5_524 093 72 m 
g5_527 092 68 c 
g5_528 063 70 m 
g5_536 324 83 c 
g5_543 157 77 b 
g5_548 130 50 s 
g5_562 184 48 b 
g5_580 341 35 c 
g5_584 295 58 e 
 
†Waypoint coordinates provided in 
Appendix IV of this study. 
 
‡Declination set at 14.5º east of north. 
 
§Type key 
 e enclave only foliation 
 b mineral-enclave foliation 
 m mylonite foliation 
 s schlieren foliation 
 c contact orientation 
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APPENDIX III: 
UNIT DESCRIPTIONS FOR ROCKS OF THE DUSY BASIN AREA 
Within Dusy Basin, I have distinguished six informal units within the Lamarck 
Granodiorite (Plate 1).  These include, from the southwestern margin to the center, the 
leucocratic granodiorite of Lamarck (Klk1), the foliated granodiorite of Lamarck (Klk3), and 
the non-foliated granodiorite of Lamarck (Klk4).  Klk3 contains the hybridized granodiorite 
of Lamarck (Klkh), which apparently resulted from the hybridization of mafic and 
intermediate magmas.  Isolated bodies of Klk1 and the quartz diorite of Lamarck (Klkm) 
occur throughout Klk1 and Klk3 as irregularly shaped screens or mega-enclaves.  Klk1, Klk3, 
and Klkh repeat to the northeast of central Klk4, yet the northeastern member of Klkh dies out 
at the base of Isosceles Peak (Plate 1).  The enclave only foliated granodiorite of Lamarck 
(Klk2), located between the northeastern contact of the Klk1 and Klk3, is laterally continuous 
through most of Dusy Basin, and does not repeat to the south of Klk4.   
Unit Descriptions 
Paleozoic metasedimentary screens (Pz) 
Highly deformed, clastic metasedimentary rocks, Pz, crop out as lenticular screens 
throughout most of the Bishop Pass shear zone along to northwestern edge of Dusy Basin 
(Plate 1).  Screens are normally less than 10 m wide and are not laterally continuous.  No 




Jurassic sheared granite of Bishop Pass (Jbp) 
Lenticular screens and masses of gneissic granite and granodiorite, Jbp, crop out along 
much of the contact between the leucocratic unit of the Lamarck (Klk1) and Inconsolable 
Granodiorite (Plate 1).  Near Bishop Pass, non-deformed blocks of aplite and Klk1 crop out 
within a larger mass of Bishop Pass shear zone, which the Inconsolable nearly encapsulates 
completely.  Thin lens-shaped screens of Paleozoic metasedimentary rocks (Pz) are common 
throughout the sheared granite.   
 
Cretaceous Inconsolable Granodiorite (Kin) 
High color index (CI 45-50), medium-grained pyroxene bearing, biotite-hornblende 
granodiorite, Kin, crops out across the northeast ridgeline of Dusy Basin making up the peaks 
of Mount Agassiz to North Palisade (Plate 1).  The Inconsolable is composed of ~25% 
biotite, ~25% plagioclase, 20-25% hornblende, ~15% alkali feldspar, <5% quartz, and <2% 
pyroxene with <1% large (1-2 mm) euhedral titanite.  Accessory minerals include zircon, 
apatite, and magnetite.  Pyroxene commonly occurs in the cores of hornblende.  The 
Inconsolable is mostly unaltered, yet minor replacement of biotite and hornblende by chlorite 
is present.  The mean magnetic susceptibility measurement of the Inconsolable, based on data 
from 10 stations, is 24.2 with a maximum of 36.3 and a minimum of 16.4.  Moderate to weak 
foliation defined by alignment of mafic minerals strikes NW/SE with steep southwesterly 
dips. 
A dramatic reduction in color index defines the steep contact between the Inconsolable 
and adjacent units, Klk1 and Bishop Pass shear zone.  One to 100 m wide dikes of Klk1 
commonly intrude Kin, yet no evidence of Inconsolable intruding the sheared granite or Klk1 
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was observed.  Isolated bus-size screens of Inconsolable are common within the northeast 
member of Klk1.  Contacts between isolated blocks of Inconsolable and Klk1 are sharp.   
 
Cretaceous Evolution Basin Alaskite (Kev) 
Very low color index (CI 2), fine-grained alaskite, Kev, crops out just south of the 
Rainbow Lakes and throughout LeConte Basin, southwest of Dusy Basin (Plate 1).  The 
Evolution unit is composed of 45-50% quartz, ~35% plagioclase, ~15% alkali feldspar 
phenocrysts, ~1% biotite, and ~1% hornblende, with <1% large (2-4 mm) euhedral titanite.  
Accessory minerals include zircon, apatite, and magnetite.  Enclaves within the Kev are very 
sparse. Where present, enclaves are fine-grained mafic discs with aspect ratios around 7:1.  
The mean magnetic susceptibility measurement from eight stations located near the contact 
of the Evolution and Klk1 is 8.2 with a maximum of 10.4 and a minimum of 6.1. 
A dramatic drop in grain size defines the sharp contact between the Evolution and Klk1.  
Screens of Klk1 and Evolution commonly ornament the contacts between these two units 
(Plate1).  Near the second southern most lake of Rainbow Lakes (Plate 1), two large car-
sized blocks of the Kev are observable within Klk1.  The contact between the isolated blocks 
of Evolution and their host is well-defined and sharp. 
 
Cretaceous leucocratic granodiorite of the Lamarck (Klk1) 
Low color index (CI 5-10), medium- to coarse-grained biotite-hornblende leucocratic 
granodiorite,  Klk1, crops out along the northeastern and southwestern flanks of the Lamarck, 
as well as isolated bodies within more central units (Klk3 and Klk4).  Klk1 is composed of 
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~35% quartz, ~35% plagioclase, ~20% alkali feldspar phenocrysts, ~7% biotite, and <3% 
hornblende, with <1% large (2-4 mm) euhedral titanite.  Accessory minerals include zircon, 
apatite, magnetite, and epidote.  Epidote commonly occurs in the core of plagioclase.  Klk1 is 
mostly unaltered, yet minor replacement of biotite and hornblende by chlorite is present.  
Enclaves within Klk1 are sparse, fine-grained mafic discs with aspect ratios around 3:1.  
Alkali feldspar phenocrysts and mafic enclaves, where present, define the foliation of Klk1.  
The mean magnetic susceptibility measurement based on data from 112 stations taken from 
all the major Klk1 bodies is 16.7 with a maximum of 22.6 and a minimum of 8.33. 
A dramatic reduction in color index defines the sharp contact between Klk1 and 
adjacent units (Jpb, Kin, Klk2, and Klk3), whereas the sharp contact with the Evolution is 
characterized by a dramatic reduction in grain size.  Screens of Klk1 and the Kev commonly 
ornament the contacts between these two units (Plate 1).  Dikes (1-100 m wide) of Klk1 
intrude the Kin and the sheared granite of Bishop Pass along their contact.  Internal contacts 
within Klk1 are less common than in other marginal units of the Lamarck (Klk2, Klk3, and 
Klkh); however, subtle variations in phenocryst and enclave abundance are present.  Locally 
continuous, centimeter to decimeter wide shears that parallel internal contact are observable 
within Klk1.   
 
Cretaceous enclave-only foliated granodiorite of Lamarck (Klk2) 
Medium color index (CI 20-25), medium- to coarse-grained biotite-hornblende 
granodiorite, Klk2, crops out between the contact of Klk1 and Klk3.near the northwestern 
flank of Dusy Basin (Plate 1).  Klk2 is composed of 40-45% plagioclase, ~25% quartz, ~15% 
biotite, ~10% hornblende, and 5-7% alkali feldspar phenocrysts with <1% large (1-3 mm) 
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euhedral titanite.  Accessory minerals include zircon, apatite, magnetite, and epidote.  This 
unit is similar to Klk3 and Klk4 in composition and grain size; however, Klk2 has a strong 
enclave-only foliation with an mean enclave aspect ratio of 9:1; whereas enclave-mineral 
foliation dominates Klk3, and Klk4 commonly lacks foliation.  The mean magnetic 
susceptibility measurement taken from 10 stations within Klt is 19.0 with a maximum of 21.2 
and a minimum of 14.3.  A distinct drop in color index characterizes the contact between the 
Klk2 and Klk1, whereas the contact between Klk2 and Klk3 grades from enclave-mineral 
foliation in Klk3 to enclave-only foliation in Klk2.   
 
Cretaceous foliated granodiorite of Lamarck (Klk3) 
Medium color index (CI 20-25), medium- to coarse-grained biotite-hornblende 
granodiorite, Klk3, crops out along the central margins of the laterally continuous Klk1 within 
Dusy Basin (Plate 1).  Klk3 is composed of 40-45% plagioclase, ~25% quartz, ~15% biotite, 
~10% hornblende and, 5-7% alkali feldspar phenocrysts, with <1% large (1-3 mm) euhedral 
titanite.  Accessory minerals include zircon, apatite, magnetite, and epidote.  Epidote 
commonly occurs in the core of plagioclase.  Klk3 is mostly unaltered, yet minor replacement 
of biotite and hornblende by chlorite is present.  The abundant enclaves within Klk3 are fine-
grained mafic discs with aspect ratios as great as 30:1, averaging about 9:1.  Mafic enclaves 
and alkali feldspar phenocrysts define a well-developed foliation in the Shaky Lake unit.  
The mean magnetic susceptibility measurement of Klk3 based on data from 186 stations is 
23.2 with a maximum of 28.9 and a minimum of 13.2. 
A dramatic reduction in color index defines the contact between Klk3 and Klk1.  
However, a gradational change in foliation characterizes the Klk3-Klk4 contact; where a 
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strong mineral-enclave foliation characterizes Klk3, and no apparent mineral foliation and a 
weak to no enclave foliation characterizes Klk4 (Plate 1).  There are no field data (i.e. cross 
cutting or inclusions) bearing on the relative age relation between Klk3 and Klk4, yet Klk3 
dikes intrude an isolated body of Klk1 in the northeast exposure of these units.  Both the 
northeastern and southwestern members of Klk3 encompass the laterally continuous, more 
mafic, and often hybridized unit, Klkh.  A dramatic increase in color index and often a 
reduction in grain size delineate the contact between Klk3 and Klkh.  Klk3 consists of many 
gradational and sharp internal contacts, which delineate dike-like bodies that range in widths 
of <1-10 m.  Dike-like bodies commonly vary in mode, texture, and/or enclave abundance 
and aspect ratios.  Centimeter to decimeter wide shear zones are locally continuous 
throughout Klk3.   
 
Cretaceous hybridized granodiorite of Lamarck (Klkh) 
Heterogeneous gradational zones defined by the interdigitation of intermediate color 
index granodiorite (i.e. Klk3 and Klk4) and high color index quartz diorite (i.e. Klkm) crop out 
as laterally continuous hybridized bodies, Klkh, within Klk3 (Plate 1; Fig. 5).  Granodiorite, 
quartz diorite, and hybridized zones mean 4 m and range up to 30 m in width and become 
more mafic toward the central portion of Klkh.  Contacts between zones of moderate and high 
CI can be both gradational and sharp with discrete intrusions being easily recognized.  
Foliation, defined by enclave and mineral alignment, strikes parallel to that of the zone 
contacts.  Mega-enclaves and enclaves swarms are common within hybridized zones and are 
similar in composition and grain size to that of Klkm.  The mean magnetic susceptibility 
taken from 15 stations within Klkh is 18.4 with a maximum of 23.5 and a minimum of 6.9.  
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Cretaceous non-foliated granodiorite of Lamarck (Klk4) 
Medium color index (CI 20-25), medium- to coarse-grained biotite-hornblende 
granodiorite, Klk4, crops out as the central unit within Dusy Basin (Plate 1).  Klk4 is 
composed of 40-45% plagioclase, ~25% quartz, ~15% biotite, ~10% hornblende, and 5-7% 
alkali feldspar phenocrysts with <1% large (1-3 mm) euhedral titanite.  Accessory minerals 
include zircon, apatite, magnetite, and epidote.  Epidote commonly occurs in the core of 
plagioclase.  Klk4 is mostly unaltered, yet minor replacement of biotite and hornblende by 
chlorite is present.  Fine-grained, irregularly shaped, mafic enclaves are abundant, and define 
the weak foliation where present.  Mega-enclave abundance and size notably increases within 
Klk4 compared to Klk3.  Mega-enclaves generally lack internal structure and often are 
randomly orientated with irregular sides.  The mean magnetic susceptibility taken from 191 
stations within Klk4 is 23.2 with a maximum of 30.7 and a minimum of 16.6. 
 
Cretaceous quartz diorite of Lamarck (Klkm) 
High color index (CI 55-60), fine- to medium-grained biotite-hornblende quartz diorite 
porphyry, Klkm, crops out as mega-enclaves, enclave swarms, dikes, and disaggregated dikes 
throughout most of the Lamarck units (Klk2, Klk3, Klkh, and Klk4; Plate 1; Fig. 8).  Klkm is 
composed of 40-45% plagioclase, ~35% biotite, ~25% hornblende, 2-3% alkali feldspar 
phenocrysts, and <1% interstitial quartz with <1% large (1-3 mm) euhedral titanite.  
Accessory minerals include zircon, apatite, and magnetite.  Magnetic susceptibility 
measurements taken from Klkm mean 19.3, yet the maximum and minimum individual 
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measurements (2.11 and 33.9) represent the maximum and minimum for the all 
measurements made within the Lamarck during this study.   
 
Cretaceous aplite (Kap) 
Very low color index (CI ~2), fine-grained aplite crops out as isolated blocks and dikes 
near Bishop Pass (Plate 1).  Both dikes and isolated blocks appear to be undeformed and 
have no clear cross-cutting relationships with adjacent units (Klk1 and Jbp). 
 
Quaternary talus (Qt) 
Centimeter to 10 m wide block talus occurs at the base of steep slopes throughout the 
map area (Plate 1).  Talus is comprised entirely of Cretaceous plutonic units found in and 
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g5_415 360897 4107904 
g5_416 361088 4107976 
g5_417 361159 4108013 
g5_418 361270 4108070 
g5_419 361459 4108163 
g5_420 361640 4108247 
g5_421 361775 4108315 
g5_422 361950 4108402 
g5_423 362141 4108356 
g5_424 361966 4108255 
g5_426 361786 4108193 
g5_427 361631 4108081 
g5_428 361447 4107997 
g5_429 362713 4108836 
g5_432 362810 4108777 
g5_433 362847 4108883 
g5_434 362972 4108918 
g5_436 363070 4108916 
g5_437 363191 4108941 
g5_438 363290 4108930 
g5_440 363368 4108895 
g5_443 361765 4106731 
g5_446 361782 4106470 
g5_447 361566 4106228 
g5_448 361669 4106222 
g5_449 361746 4106018 
g5_450 361840 4105854 
g5_452 361947 4105718 
g5_453 362125 4105695 
g5_454 362295 4105666 
g5_455 362351 4105595 
g5_456 362418 4105590 
g5_457 362385 4105476 
g5_458 362308 4105425 
g5_459 362257 4105354 
g5_460 362178 4105487 
g5_461 362057 4105605 
g5_462 361871 4105694 
g5_463 361745 4105820 
g5_464 361583 4105918 
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UTM NAD 83 Z11N waypoint 
easting northing 
g5_465 361482 4106158 
g5_466 361420 4106180 
g5_467 361332 4106144 
g5_468 361381 4106129 
g5_469 361423 4106127 
g5_470 361370 4106044 
g5_471 361293 4106051 
g5_472 361276 4106056 
g5_473 361179 4106223 
g5_475 361062 4106392 
g5_476 360003 4106770 
g5_477 359954 4106671 
g5_478 359853 4106493 
g5_479 359886 4106497 
g5_480 359894 4106392 
g5_481 359902 4106345 
g5_482 359995 4106293 
g5_483 360081 4106196 
g5_484 360097 4106133 
g5_485 360191 4106248 
g5_486 360262 4106171 
g5_487 360255 4106079 
g5_488 360384 4106027 
g5_489 360282 4105824 
g5_490 360192 4105886 
g5_491 360354 4105686 
g5_492 360391 4105616 
g5_493 360452 4105563 
g5_494 360699 4105486 
g5_495 360585 4105643 
g5_496 360485 4105809 
g5_497 360545 4106197 
g5_498 360624 4106359 
g5_502 362436 4108300 
g5_503 362513 4108501 
g5_504 362522 4108548 
g5_505 362515 4108623 
g5_506 362655 4108497 
g5_507 362774 4108343 
g5_508 362922 4108192 
g5_509 363051 4108036 
g5_510 363181 4107931 
g5_511 363296 4107857 
g5_513 362971 4108287 
g5_514 362988 4108470 
g5_516 362833 4108423 
g5_517 362834 4108516 
g5_519 362916 4108646 
g5_520 362924 4108647 
g5_521 362921 4108683 
g5_524 362981 4108640 
g5_526 363086 4108580 
g5_527 363173 4108708 
g5_527 363171 4108682 
UTM NAD 83 Z11N waypoint 
easting northing 
g5_528 363173 4108708 
g5_530 363000 4108669 
g5_534 361104 4105886 
g5_535 360998 4105949 
g5_536 360915 4106024 
g5_537 360925 4106067 
g5_538 360833 4106198 
g5_539 360783 4106237 
g5_540 360630 4106363 
g5_541 360500 4106507 
g5_542 360383 4106672 
g5_543 362069 4108184 
g5_544 361922 4108088 
g5_546 361742 4108035 
g5_547 361727 4108007 
g5_548 361708 4108072 
g5_549 361681 4108080 
g5_551 361277 4107846 
g5_552 361138 4107694 
g5_553 361149 4107520 
g5_554 361308 4107661 
g5_555 361462 4107787 
g5_556 361506 4107840 
g5_557 361532 4107855 
g5_558 361560 4107861 
g5_560 361537 4107907 
g5_561 361554 4107820 
g5_562 361630 4107896 
g5_563 361701 4107937 
g5_564 361724 4107978 
g5_565 361750 4107960 
g5_566 361948 4107941 
g5_567 361792 4107812 
g5_568 361657 4107672 
g5_569 361481 4107552 
g5_570 361322 4107416 
g5_575 363428 4107699 
g5_576 363480 4107703 
g5_577 363562 4107682 
g5_578 363666 4107720 
g5_579 363794 4107792 
g5_580 363797 4107790 
g5_581 363883 4107722 
g5_582 363876 4107653 
g5_583 363918 4107521 
g5_584 363942 4107456 
g5_585 364002 4107365 
g5_586 364114 4107356 
g5_587 364126 4107182 
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